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SPECIFICATION  OF  PYROTECHNIC  SHOCK  TESTS 


Pyrotechnic  shock  continues  to  be  a  problem  for  designing 
and  testing  aerospace  equipment.  It  is  a  problem  because  the 
outcome  of  the  tests  are  too  method-dependent.  This  is  true 
because  the  damage  potential  of  a  shock  pulse  can  vary  with 
the  pulse  characteristic  even  though  the  pulses  have  the  same 
shock  response  spectrum.  Some  individuals  have  reported  a 
factor  of  10  difference  in  the  response  of  an  internal  item  to 
two  test  methods,  even  though  the  shock  response  spectrum 
was  the  same.  Because  of  this  discrepancy,  some  equipment 
has  been  overtested  and  other  equipment  has  been  isolated 
when  it  should  not  have  been. 

How  can  this  be  true?  What  is  there  about  specifying  a 
pyrotechnic  shock  test  by  a  shock  response  spectrum  alone 
that  allows  for  so  much  variability  in  the  test  results?  The 
answer  is  in  a  single  word  -  simulation!  The  pyro-shock  tests 
that  have  best  simulated  the  in-service  conditions  have  been 
the  ones  that  caused  the  same  failures  found  during  actual 
usage.  Putting  it  another  way,  the  pulses  have  the  same 
damage  potential.  There  are  several  reasons  why  this  is 
true. 

Part  of  the  problem  lias  in  the  limitations  of  the  environ¬ 
mental  test  laboratory.  Most  laboratories  can  do  shock 
testing  with  drop  tables,  hammer  blow  machines  or  maybe 
even  shakers,  but  they  are  not  certified  to  do  live  explosive 
testing.  They  find  that  it  Is  too  costly  to  build  their  own 
explosive  facility,  or  too  difficult  to  find  an  available  com¬ 
mercial  facility  close  by.  Therefore  they  did  the  best  they 
could  with  what  was  available.  Another  Important  reason 
why  these  tests  have  been  done  with  mechantcal/electrical 
devices  rather  than  explosives  is  that  it  is  comparatively  easy 
to  raise  the  test  level  using  non-explosive  methods.  It  is  a 
simple  matter  to  raise  a  hammer  a  few  more  inches  or  to  dial 
in  a  higher  shock  level  on  a  shaker. 

There  are  several  reasons  why  test  machirres  do  not  generate 
shocks  With  the  same  damage  potential  as  explosives.  In  a  live 
pyro  event,  there  are  both  positive  and  negative  high-g,  high- 
frequency  stress  waves  which  propagate  out  from  the  pyro 
device.  The  stress  waves  arrive  at  the  mounting  points  of 


equipment  at  varying  timet,  with  different  phases  and  with 
both  x ,  y  and  z  components.  On  a  shaker  or  hammer-blow 
machine  the  shock  it  put  into  all  mounting  points  simul¬ 
taneously  in  one  direction.  This  In  Itself  may  cause  an  over¬ 
test.  The  impedance  of  the  fixture  on  a  shock  machine  or 
shaker  usually  does  not  resemble  the  impedance  on  an  item 
in  service.  The  fixtures  are  usually  far  more  massive  and  rigid. 

Another  problem  is  the  frequency  content  of  the  shock 
spectrum.  A  shaker  will  often  have  poor  high  frequency 
content  and  a  drop  table  or  Impact  device  will  have  too  much 
low  frequency  content.  Since  many  test  specifications  allow 
an  envelope  around  the  'desired'  specification,  a  shock 
spectrum  can  be  squeezed  Into  an  envelope  where  the  actual 
test  levels  are  too  high  at  one  end  and  too  low  at  the  otherl 
Again  the  shock  will  not  have  the  same  damage  potential. 

A  method  hat  been  developed  which  eliminates  most  of  the 
above-mentioned  problems.  This  method  requires  the  build¬ 
ing  of  a  simulated  structure  with  a  built-in  anvil.  A  rod  is 
attached  to  the  anvil  such  that  a  cylindrical  weight  slides 
down  the  rod  to  impact  the  anvil.  The  advantages  of  this 
method  are  that  the  frequency  content,  phasing  and  transient 
nature  of  the  pulse  are  well  simulated.  The  impedance  of  the 
mounting  points  are  correct  and  the  shock  levels  can  be 
increased  by  simply  raising  the  weight  a  few  Inches. 

It  seems  to  me  that  environmental  test  engineers  should 
jecome  ni.-'re  aware  of  the  damage  potential  Inherent  in  the 
various  test  i  lethods  and  choose  the  method  which  will  causa 
the  correct  failure  modes  in  their  equipment.  The  specifica¬ 
tion  writers  should  also  increase  their  knowledge  of  the 
limitations  inherent  in  the  available  test  methods  so  they  will 
be  able  to  write  more  realistic  test  specifications  and  be  In  a 
position  to  better  monitor  test  results.  The  problems  associ¬ 
ated  with  pyrotechnic  shock  testing  are  still  with  us.  If  we 
continue  to  use  the  shock  response  spectrum  alone  to  specify 
a  test  without  any  leferenoe  to  the  method  used,  we  will 
continue  to  have  varying  failure  rates  from  the  test. 


EDITORS  RATTLE  SPACE 


THE  PUBLISHING  GAME 

Those  of  you  who  read  this  column  probably  remember  my  lengthy  commentaries 
about  the  growing  number  of  publications  on  shock  and  vibration  technology.  A 
recent  editorial  published  in  Science  magazine*  titled  "The  Publishing  Game: 
Getting  More  for  Less"  indicates  that  engineers  have  a  long  way  to  go.  They  are  just 
beginning  to  approach  the  sophistication  of  researchers  in  the  life  sciences  insofar 
as  "paper  inflation"  is  concerned.  This  editorial  was  critical  of  fragmentation  of 
research  findings,  coauthorship,  and  duplicate  publication.  The  fact  that  some  re¬ 
searchers  in  the  life  sciences  can  list  as  many  as  700  papers  in  their  curriculum 
vitae  is  justification  for  criticism. 

The  publish  or  perish  mania  has  led  to  the  emergence  of  the  Least  Publishable  Unit 
(LPU)  ”  a  term  associated  with  the  fragmentation  of  data  and  techniques.  For  in¬ 
stance  an  author  might  divide  an  article  on  a  subject  into  a  series  of  articles  -  each 
containing  enough  information  to  justify  publication.  Unfortunately  the  practice 
not  only  leads  to  diffusion  of  information  but  also  results  in  duplication  of  back¬ 
ground  material  and  references  and  replication  of  the  reported  research  material. 
Publication  costs  have  forced  many  publishers  to  demand  word  limitations  on 
manuscripts.  Instead  of  well  written  condensations  of  data  and  descriptive  material, 
however,  editors  are  now  receiving  fragmented  information  -  i.e.,  the  LPU,  This 
practice,  admittedly  difficult  to  deal  with,  could  be  controlled  by  extensive  review 
and  editorial  work. 

Another  major  concern  of  the  Science  editorial  was  coauthorship.  In  a  study  con¬ 
ducted  by  the  Institute  of  Scientific  Information,  which  indexes  2800  journals,  the 
average  number  of  authors  per  paper  rose  from  1.67  to  2.58  between  1960  and 
1980.  Coauthorship  in  the  engineering  field  does  not  seem  to  have  increased  at  this 
rate,  however;  perhaps  engineers  are  not  as  dependent  for  advancement  on  numbers 
of  papers  as  are  individuals  in  other  disciplines.  The  last  criticism  in  the  editorial 
had  to  do  with  duplicate  publication  and  publication  of  preliminary  results,  ex¬ 
tended  results,  and  more-or-less-detailed  results  in  different  forms  and  media. 

In  my  opinion,  the  abuses  enumerated  in  Science  could  be  rectified  by  good  re¬ 
viewers  and  editors.  Unfortunately  too  much  time  would  be  required  to  research 
the  background  of  each  manuscript  offered  for  publication.  As  one  of  the  organiz¬ 
ers  for  a  recent  meeting,  1  found  reviewers  extremely  difficult  to  obtain.  Certainly 
it  is  time  consuming  work  that  is  uncompensated  and  unrecognized.  However,  in 
general,  our  publications  will  be  no  better  than  the  quality  of  the  review  process. 
Perhaps  we  need  to  find  a  way  to  recognize  reviewers. 


R.L.E. 
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BIODYNAMIC  RESPONSE  TO  WHOLE-BODY  VIBRATION 


MJ.  Griffin* 


Abstract.  Recent  experimental  studies  of  biodynamic 
response  to  vibration  and  some  attempts  to  mode! 
this  response  are  reviewed,  it  is  proposed  that  bio¬ 
dynamic  models  should  be  classified  according  to 
their  general  application,  it  is  shown  that  die  re¬ 
sponses  of  the  body  to  vibration  are  highly  varied 
and  that  there  is  a  need  for  increased  availability 
of  experimental  biodynamic  data. 

Biodynamics  is  a  broad  subject  ranging  from  purely 
experimental  to  entirely  mathematical  studies  of 
body  motion.  The  last  five  years  have  seen  the 
publication  of  new  information  on  both  measures 
and  predictions  of  the  mechanical  impedances,  trans- 
missibilities,  and  gross  movements  of  the  whole 
body  and  of  body  parts.  In  addition,  new  mathe¬ 
matical  models  and  revisions  of  earlier  models  have 
been  defined  to  predict  bodily  injury  and  human 
performance. 

Although  the  collection  and  manipulation  of  bio¬ 
dynamic  data  is  often  seen  as  an  objective,  the 
prime  justification  for  biodynamic  studies  remains 
minimization  of  the  effects  of  vibration  and  im¬ 
pact  on  human  comfort,  performance,  and  health. 
A  review  of  recent  developments  reveals  that  the 
complexity  of  body  dynamics  is  now  widely  ac¬ 
cepted;  in  some  cases  advanced  models  have  been 
devised  to  describe  this  complexity.  However,  parallel 
efforts  to  advance  experimental  work  are  also  re¬ 
quired  to  assist  both  the  evolution  and  the  evalu¬ 
ation  of  such  models.  Further,  without  experimental 
and  epidemiological  studies  of  the  effects  of  vibration 
on  comfort,  performance,  and  health  it  is  not  known 
which  parameters  of  vibration  should  be  used  with 
the  biudynamic  models  (or  measures)  to  minimize 
discomfort,  loss  of  performance,  and  injury  or 
disease. 

This  review  concentrates  on  biodynamic  research  as 
it  affects  body  movement  due  to  vibration.  The 


physiological  and  psychological  effects  of  this  move¬ 
ment  on  responses  to  high  levels  of  impact  are  not 
considered.  (Some  recent  advances  in  the  field  of 
impact  modeling  are  included  in  two  conference 
proceedings  [1,  2].)  The  prime  measures  under 
consideration  are  therefore  transmissibility  (usually 
the  ratio  of  motion  at  some  point  on  the  body  to 
motion  at  the  interface  between  the  body  and  the 
vibration  source)  and  mechanical  impedance  (usually 
the  ratio  of  force  to  velocity  at  the  interface  between 
the  body  and  the  vibration  source). 

EXPERIMENTAL  STUDIES 

Although  variability  and  adaptability  to  vibration 
among  and  within  individuals  are  of  paramount 
importance,  they  have  often  been  considered  nui¬ 
sances  or  sources  of  error  rather  than  parameters 
requiring  measurement.  It  has  been  reported  that 
for  some  conditions  intersubject  variability  in  seat-to- 
head  transmissibility  is  well  approximated  by  normal 
distributions  and  that,  although  transmissibility  is 
correlated  with  physical  characteristics  of  subjects, 
the  correlation  is  probably  insufficient  t'  be  of 
practical  value  [3] .  Sex  and  age  also  have  statistically 
significant,  although  small,  effects  on  seat-to-head 
transmissibility  [4] . 

It  has  been  shown  that  the  type  of  backrest  on  a 
seat  can  affect  the  level  of  vibration  reaching  the 
head  [4-61  and  that  the  effect  is  dependent  on  the 
axis  of  vibration  of  the  seat  [7],  At  low  frequencies 
backrests  can  reduce  head  vibration  levels.  Alterations 
to  head  position  [4]  and  even  foot  position  [5]  can 
also  affect  head  motion  when  a  seated  person  is 
exposed  to  vertical  seat  vibration. 

Body  posture,  muscle  terrsion,  and  body  restraints 
have  long  been  reported  to  affect  head  motion.  Mean 
changes  of  600  percent  in  vertical  head  motion  due 
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to  posture  changes  with  vertical  seat  vibration  have 
been  reported  (8);  see  also  Figure  1.  Although  such 
changes  correspond  to  extremes  of  posture,  they  indi¬ 
cate  the  type  of  effect  that  occurs  with  more  typical 
changes  from  a  slumped  to  a  sitting  position.  It  has 
been  shown  that  subjects  adopting  normal  upright 
postures  generally  have  transmissibilities  in  the  range 
defined  by  stiff  and  relaxed  postures  (4).  At  fre¬ 
quencies  above  5  Hz  stiff  postures  cause  more  head 
motion;  the  converse  is  true  at  lower  frequencies. 

It  appears  that,  although  any  nonlinear  effects  in  re¬ 
sponse  to  vibration  alone  might  be  due  to  voluntary 
postural  changes  [4,  8] ,  larger  and  more  predictable 
changes  in  vibration  transmissibility  occur  with 
changing  levels  of  sustained  acceleration  [9,  10]. 
Some  attempts  have  been  made  to  investigate  the 
importance  of  the  experimental  method  used  to 
determine  seat-to-head  transmissibility.  Comparative 


measures  using  discrete  sine  and  various  swept  sine 
and  random  motions  in  combination  with  trans¬ 
missibility  calculations  using  such  methods  as  root 
mean  square,  power  spectral  density,  and  cross- 
spectral  density  often  show  only  small  differences 
due  to  the  choice  of  method  (4) . 

Data  from  studies  of  vision  during  vibration  show 
the  rotational  head  vibration  caused  by  rotational 
oscillation  of  the  body  [11,  12] .  Studies  have  quan¬ 
tified  the  rotational  head  vibrations  caused  by  trans¬ 
lational  seat  vibration  [7,  8,  13];  see  Figure  2. 
Other  data  reflect  the  transmission  of  vibration 
from  head  to  eye  [14-20]  but  contain  conflict¬ 
ing  conclusions  on  the  existence  of  eyeball  reso¬ 
nances. 

For  a  seated  person  the  degree  to  which  vibration 
is  transmitted  to  the  hand  is  a  dominant  factor  in 


Figure  1 .  The  Seat-to-Hoad  Translational  Vibration  Transmissibility 
from  1  to  50  Hz  of  a  Single  Subject  Sitting  in  8  Postures  from  Slouched  to  Erect  [4] 


determining  the  effect  of  vibration  on  control  tasks 
irivolving  the  hands.  With  continuous  control  tasks 
this  vibration,  often  called  feedthrough  or  break¬ 
through,  produces  a  component  in  the  tracking  error 
record  that  is  often  the  principal  error  component. 
The  transmission  of  vibration  from  seat  to  shoulder 
and  hand  has  been  reported  [21 , 22] .  Both  the  levels 
of  vibration  at  the  hand  and  their  significance  are 
system-dependent  and  vary  according  to  such  factors 
as  control  dynamics. 

The  transmission  of  high  levels  of  vibration  to  the 
hand  from  hand-held  tools  can  cause  injury  -  most 
notably  Vibration-induced  White  Finger  or  Raynaud's 
phenomenon  of  occupational  origin.  This  injury 


has  stitnulated  various  studies  of  the  mechanical 
impedance  of  the  hand-arm  system  (23,  24) ,  the 
transmission  of  vibration  to  the  hand  and  arm  (25, 
26) ,  and  the  measurement  of  energy  absorbed  by 
the  hand  (23,  24,  27-29).  It  has  been  shown  that 
the  point  impedance  of  the  hand  is  dependent  on 
arm  position,  grip,  push  force,  and  the  axis  of  vibra¬ 
tion  [23,  24,  30] .  Various  models  of  the  hand-arm 
system  have  been  devised  (23, 24, 31-33] . 

MODELS  OF  BIODYNAMIC  RESPONSE 

Biodynamic  models  might  be  devised  for  a  variety 
of  purposes.  For  example: 


Figure  2.  Transfer  Functions  (Modulus  and  Phase)  between  Vertical  (z-axis)  Seat  Vibration 
and  Translational  (Fore-and-Aft,  Lateral  and  Vertical)  and  Rotational  (Roll,  Pitch  and  Yaw) 
Head  Motion.  (Previously  Unpublished  Data  from  One  Subject  Using  a  Hard  Flat  Seat 
without  Backrest  and  Measuring  Head  Motion  with  a  Bite-bar) 
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Type  (i).  To  predict  movement  or  forces  caused 
by  situations  too  hazardous  for  an 
experimental  determination 

Type  (ii).  To  predict  movement  or  forcescaused 
by  situations  too  numerous  and 
varied  for  experimental  determination 

Type(iii).  To  understand  the  nature  of  body 
movements 

Type(iv).  To  provide  information  necessary  for 
the  optimization  of  isolation  systems 
and  the  dynamics  of  other  systems 
coupled  to  the  body 

T ype  (v) .  To  determine  standard  impedance  con¬ 
ditions  for  the  vibration  testing  of 
systems  used  by  man 

Type(vi).  Td  provide  a  convenient  method  of 
summarizing  average  experimental  bio¬ 
dynamic  data 

Type(vii).  To  define  variables  affecting  biody¬ 
namic  response 

All  current  models  of  th-’  dynamics  of  the  human 
body  are  highly  restrictive  in  their  application.  They 
are  often  a  Type  (vi)  model  proposed  for  use  as  a 
Type  (i).  (ii),  (iii),  (iv)  or  (v)  model.  Models  are 
commonly  based  on  point  impedance  data  and  apply 
to  single  axis  translational  vibration  normal  to  the 
point  of  contact. 

One  of  the  simplest  and  most  used  models  in  recent 
years  is  that  employed  in  the  Dynamic  Response  In¬ 


dex  (DRI).  The  DRI  model  was  originally  evolved  in 
connection  with  the  study  of  acceleration  in  the 
headward  direction  from  aircraft  ejection  seats.  It  is 
a  single-degree-of-freedom  lumped  parameter  model 
as  shown  in  Figure  3.  The  damping  ratio  is  0.224, 
and  the  natural  frequency  (<*;„)  is  52.9  rad/sec.  The 
Dynamic  Response  Index  is  defined  as  Wp*  5max/g, 
where  S^gx  maximum  deflection  and  g  is 

9.81  m/s*.  An  approximate  relationship  between 
DRI  values  and  the  probability  of  spinal  injury  has 
been  established. 

In  the  last  few  years  it  has  been  proposed  that  the 
DRI  should  be  extended  to  repeated  shocks  (from 
1  to  20,000  shocks  per  day)  so  as  to  fill  the  gap 
between  single  events  and  continuous  vibration  [34] . 
It  has  also  been  suggested  that  the  DRI,  representing 
a  spinal  model  (co  =  52.9  c"  =  0.224),  should  be 
supplemented  by  a  visceral  model  (w  «  25.1  c  =  0.4) 
and  a  body  vibration  model  (w  =  52.9  c  =  1.0);  see 
Figure  4.  A  low  frequency  (motion  sickness)  model 
(w  =  1 .57 1  c  =  1 .0)  has  also  been  proposed.  The  max¬ 
imum  rms  acceleration  output  from  these  four  single- 
degree-of-freedom  systems  would  then  be  used  to 
calculate  a  total  Vibration  Ride  Quality  Index  [35]. 

A  more  complex  model  than  that  used  for  the  DRI 
has  nonlinear  characteristics  [9,  10);  see  Figure  5. 
It  has  been  suggested  that  this  nonlinear  model  is 
more  appropriate  when  the  injury  potential  of  ex¬ 
treme  shocks  is  assessed  and  the  response  of  the  body 


Noturol  Frequency  =  u)  =  /  -  =52.9  rod/s 

^  V  ni 

Damping  Rotio  ~  ^  ~  2}^  ~ 

D.R.I.  =u>„^  6^^,/ 9 
(where  ”  mox.  deflection) 


Figure  3.  The  Model  Used  for  the  Dynamic  Response  Index 


to  combined  vibration  and  steady-state  acceleration 
is  predicted.  A  very  different  lumped  parameter 
model  containing  frequency-dependent  damping 
coefficients  was  earlier  defined  by  Muksian  and  Nash 
(36], 

The  use  of  absorbed  power  for  predicting  discomfort 
due  to  whole-body  vibration  has  been  proposed  over 
many  years  [37).  The  combined  use  of  absorbed 
power,  a  soolled  Amplitude  Frequency  Distribution 
(AFD)  method,  and  a  mechanical  model  with  repre¬ 
sentative  response  has  also  been  proposed  [381 . 

An  International  Standard  [39)  soon  to  be  published 
will  define  the  standard  mechanical  impedance  of 
man  in  three  positions:  sitting,  standing,  and  lying 
(see  Figure  6).  The  modulus  and  phase  of  mechanical 
impedance  predicted  by  three  different  models 
corresponding  to  the  three  different  postures  are 
compared  witfi  some  experimental  data.  The  experi¬ 
mental  data  used  to  derive  parts  of  the  standard 
are  sparse,  and  doubts  exist  concerning  the  limits 
of  application  of  •  lese  data.  For  example,  it  is  not 
known  how  the  presence  of  a  backrest  modifies  the 
impedance  of  a  seated  person,  nevertheless,  the 
standard  serves  to  emphasize  that  the  body  cannot 
be  considered  a  rigid  mass  at  frequencies  above 


Figure  5.  Multi-Degree-of-Freedom  Nonlinear  Model 
of  the  Sitting  Human  Body  [9, 10] 
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Figure  4.  Ride  Quality  Model  Prooowd  by  Payne  [3S] 
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about  4  Hz  and  might  stimulate  further  investigations 
and  a  greater  understanding  of  whole-body  mechani¬ 
cal  impedance. 

A  few  complex  models  have  been  evolved  specifically 
to  predict  the  effects  of  whole-body  vibration  on 
human  performance  (40,  41).  Such  models  tend  to 
be  complex  because  it  is  necessary  to  predict  both  the 
movements  of  several  body  parts  (e.g.,  hands  and 
eyes)  and  the  effect  of  these  movements  on  perfor¬ 
mance.  The  models  are  further  complicated  by  the 
need  to  allow  for  variable  postures  and  control/dis¬ 
play  locations  and  characteristics.  Such  systems  are 
already  valuable  as  Type  (vii)  models  and,  with  care, 
might  be  usable  as  Type  (ii)  models  for  investigating 
the  importance  of  posture  and  position  and  Type 
(iv)  models  for  considering  optimum  control  dynam¬ 
ics.  It  remains  to  be  seen  whether  the  extreme  com¬ 
plexity  of  a  fully  comprehensive  model  of  this  type 
is  a  practical  means  for  summarizing  experimental 
data  as  for  a  Type  (vi)  model. 

A  considerable  number  of  other  biodynamic  model¬ 
ing  exercises  have  been  conducted  -  most  of  which 
are  oriented  toward  predicting  injury  due  to  impact. 
However,  the  concepts,  methods,  or  results  of  several 
studies  have  possible  applications  to  vibration  and 
repeated  shock.  For  example,  a  spinal  model  has 
been  defined  and  its  responses  compared  with  those 
measured  in  cadavers  (42,  431.  Some  impact  mea¬ 
surements  recorded  from  human  subjects  have  been 
compared  with  those  predicted  by  three  of  the  more 
commonly  available  computer  programs  used  to 
estimate  body  responses  in  crash  situations  (44, 45) . 
A  three-dimensional  head-spine  model  has  also  been 
evolved  (46,  47] .  This  model  is  intended  for  applica¬ 
tions  similar  to  pilot  ejection  from  aircraft  but  has 
been  influenced  by  studies  of  biodynamic  response 
to  vibration. 


CONCLUSIONS 

It  has  been  suggested  that  models  of  biodynamic 
response  to  vibration  might  be  required  for  at  least 
seven  different  general  purposes.  The  form  and 
sophistication  required  of  a  model  depend  on  both 
its  general  purpose  and  its  specific  application.  A 
Type  (vi)  model  might  be  radically  different  from 
a  Type  (ii)  model  -  even  though  they  are  based  on 
the  same  data.  A  model  for  predicting  spinal  injury 


might  have  little  in  common  with  a  performance 
model.  A  model  for  horizontal  vibration  might  be 
entirely  different  from  one  for  vertical  vibration. 
The  range  of  possibilities  is  probably  too  great  for 
any  single,  practical,  unifying  model. 

In  practice,  the  extent  of  human  variability  and  the 
shortage  of  experimental  data  often  make  it  possible 
for  simple  models,  such  as  the  single-degree-of-free- 
dom  system  used  for  the  dynamic  response  index, 
to  compete  successfully  with  the  most  complex 
model.  The  advantages  and  disadvantages  of  in¬ 
creasing  the  complexity  of  models  are  insufficiently 
clear  to  conclude  the  degree  of  sophistication  re¬ 
quired. 

A  more  important  current  problem  surrounds  the 
relation  between  the  biodynamic  theoretician  and 
the  empiricist.  Published  experimental  data  on 
human  biodynamic  responses  leave  much  to  be 
desired.  Models  must  often  be  based  upon,  and  vali¬ 
dated  by,  experimental  data  that  are  clearly  inade¬ 
quate.  One  commonly  neglected  group  of  problems 
are  associated  with  individual  variability.  Is  it  better, 
for  example,  to  consider  the  biodynamic  data  from 
one  subject,  the  mean  data  from  four  subjects,  or  the 
mean  data  from  forty  subjects?  Although  the  answer 
is  important,  the  question  does  not  arise  when  only 
one  set  of  suitable  data  is  thought  to  be  available. 
It  is  therefore  important  that  experimental  data  are 
made  more  readily  available.  This  must  happen 
before  the  principal  objective  of  some  modeling 
studies  -  i.e.,  elimination  of  the  need  to  experi¬ 
mentally  expose  man  to  vibration  -  can  be  declared 
to  have  been  fulfilled! 
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The  monthly  Literature  Review,  a  subjective  critique  and  summary  of  the  litera¬ 
ture,  consists  of  two  to  four  review  articles  each  month,  3,000  to  4,000  words  in 
length.  The  purpose  of  this  section  is  to  present  a  "digest"  of  literature  over  a 
period  of  three  years.  Planned  by  the  Technical  Editor,  this  section  provides  the 
DIGEST  reader  with  up-to-date  insights  into  current  technology  in  more  than 
150  topic  areas.  Review  articles  inicude  technical  information  from  articles,  reports, 
and  unpublished  proceedings.  Each  article  also  contains  a  minor  tutorial  of  the 
technical  area  under  discussion,  a  .survey  and  evaluation  of  the  new  literature,  and 
recommendations.  Review  articles  are  written  by  experts  in  the  shock  and  vibration 
field. 

This  issue  of  the  DIGEST  contains  an  article  about  the  role  of  similitude  in  fatigue 
and  fatigue  crack  growth  analyses. 

Dr.  B.N.  Leis  and  Dr.  D.  Broek  of  Battelle,  Columbus  Laboratories,  Columbus, 
Ohio  have  written  a  paper  considering  the  role  of  similitude  between  damage 
states  being  compared  during  fatigue  crack  initiation  and  propagation  analyses 
based  on  laboratory  specimen  tests.  The  review  focuses  on  developments  during 
the  last  several  years  pertinent  to  ensuring  similitude  in  damage  processes. 
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THE  ROLE  OF  SIMILITUDE  IN  FATIGUE 
AND  FATIGUE  CRACK  GROWTH  ANALYSES 

Leia  and  D.  Brock* 


Abstract.  The  paper  considers  d)e  rote  of  similitude 
between  damage  states  being  compared  during 
fatigue  crack  initiation  and  propagation  analyses 
based  on  laboratory  specimen  tests.  The  review 
focuses  on  developments  during  the  last  several 
years  pertinent  to  ensuring  similitude  in  damage 
processes.  It  begins  with  a  review  of  the  technology 
to  the  present  in  terms  of  measures  of  damage,  crack 
nucleation,  crack  growth,  and  the  marriage  of  nude- 
ation  and  growth  analysis.  Developments  pertinent 
to  these  topics  based  on  the  past  several  years  are 
elaborated  and  reference  is  made  to  multiaxial,  ther¬ 
mal,  and  environmental  effects.  A  commentary  then 
considers  these  developments  with  a  view  to  future 
directions.  It  is  concluded  that,  when  care  is  taken  to 
ensure  similitude  at  criticai  locations  such  as  notch 
roots  and  crack  tips,  accurate  predictions  can  be 
made  of  structural  fatigue  resistance  based  on  labora¬ 
tory  test  data.  Four  areas  of  future  research  are  iden¬ 
tified  as  significant  if  this  conclusion  is  to  be  consid¬ 
ered  general:  crack  initiation  and  growth  in  gradient 
fieids,  inelastic  analyses,  thermal  and  environmental 
effects,  and  multiaxial  aspects. 


BACKGROUND 

The  purpose  of  this  review  is  to  examine  develop¬ 
ments  in  fatigue  analysis  during  the  last  several  years. 
Fatigue  analysis  is  taken  herein  to  mean  analysis  of 
the  damage  resulting  from  the  coupled  action  of  at 
least  a  local  tensile  stress  and  reversed  (microscopic) 
plastic  strain.  Damage  is  defined  as  progressive  degra¬ 
dation  of  the  strength  and  serviceability  of  a  structure 
associated  with  fatigue  crack  nucleation  and  stable 
growth  until  the  residual  strength  of  the  structure  is 
reached.  The  review  does  not  address  such  failure 
modes  as  cyclic  instability  (incremental  collapse) 
and  shake-down,  brittle  (dynamic)  fracture  and 
residual  strength  analysis,  and  wear  related  mecha¬ 


nisms.  Multiaxial  action,  elevated  temperature,  and 
environmental  aspects  are  considered  briefly. 

This  review  is  particularly  concerned  with  the  analysis 
of  nucleation  and  growth  of  fatigue  cracks  for  pur¬ 
poses  of  assessing  fatigue  resistance  in  situations  in 
which  extensive  verification  testing  during  product 
development  is  precluded.  Fatigue  analysis  fits  into 
the  overall  scheme  of  product  development  as  shown 
in  Figure  1.  Figure  1A  indicates  that  such  analysis 
follows  basic  structural  analysis,  in  which,  as  illus¬ 
trated  in  Figure  IB,  geometry,  material  properties, 
and  loads  are  transformed  into  data  useful  in  assess¬ 
ing  strength,  serviceability,  and  stability.  Life  predic¬ 
tion  is  a  post  processor  of  these  data  as  shown  in 
Figure  1C.  Data  from  the  stress  analysis  are  mapped 
into  damage  increments  that  are  integrated  over  some 
presumed  loading  history  until  failure  is  indicated. 

It  is  desirable  to  develop  accurate  analysis  schemes 
that  minimize  the  number  and  scope  of  fixes  identi¬ 
fied  through  a  full  scale  test  and  to  use  only  simple 
materials  test  data  and  the  results  of  appropriate 
stress  analyses.  However,  the  damage  process  in  test 
samples  can  differ  significantly  from  that  in  a  struc¬ 
ture  when  simple  materials  data  (simple  cyclic  loads 
and  test  geometries)  are  used.  The  fundamental  tacit 
assumption  is  that  damage  processes  being  compared 
in  the  analysis  are  or  can  be  considered  identical.  It 
is  thus  necessary  to  ensure  that  reference  laboratory 
test  data  reflect  the  significant  damage  mechanisms 
and  factors  that  control  the  damage  rate  in  the  struc¬ 
ture;  i.e.,  the  damage  processes  must  be  similar. 

The  review  begins  with  a  consideration  of  the  tech¬ 
nology  to  the  present  in  terms  of  measures  of  dam¬ 
age,  crack  nucleation,  crack  growth,  and  the  marriage 
of  nucleation  and  growth  analysis.  Developments  per¬ 
tinent  to  these  topics  during  the  past  several  years  are 
elaborated,  including  multiaxial,  thermal,  and  envi¬ 
ronmental  effects.  A  commentary  considers  these 
developments  with  a  view  to  future  directions. 


'Battalia,  Columbus  Laboratorlas,  506  King  A  vanua,  Columbus,  Ohio  43201 
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Figure  1.  Interactions  among  Fatigue,  Fatigue  Crack  Propagation  Analysis,  and  Structural  Analysis 


STATE  OF  THE  ART-CIRCA  1977 

Phenomenology  of  damage.  The  fatigue  damage  pro¬ 
cess  can  be  considered  to  occur  in  the  uniform  sec¬ 
tion  of  a  low  cycle  fatigue  (LCF)  test  specimen  oral 
a  crack  tip.  That  is,  an  element  of  material  suffering 
fatigue  damage  does  not  know  if  it  is  in  a  smooth 
LCF  specimen  at  a  notch  root,  or  at  a  crack  tip.  The 
damage  rate  varies,  however,  depending  on  geometry 
and  the  location  of  the  element  within  the  specimen. 
Several  authors  have  presented  such  microstructural 
evidence.  Laird  (11  has  indicated  that  the  mechanical 
response  of  an  LCF  specimen  is  a  macroscopic  mea¬ 
sure  of  the  reversed  plasticity  damage  process  that 
leads  to  nucleation  (e.g.,  formation  of  persistent  slip 
bands).  Such  variables  as  stress  and  strain,  which  re¬ 
flect  mechanical  response,  can  thus  serve  as  measures 
of  reversed  slip  damage  during  nucleation.  Neumann 
[2]  and  Broek  [3]  have  indicated  that  the  stable 
growth  of  nucleated  cracks  is  a  geometric  conse¬ 
quence  of  slip.  During  crack  growth,  therefore,  mea¬ 
sures  of  the  propensity  to  slip  -  near  crack  tip  stress 
and  strain  -  or  the  extent  of  slip  -  changes  in  crack 
tip  geometry  or  position  -  can  serve  as  near-crack 
tip  measures  of  the  crack  growth  process. 

Figure  2  shows  this  reversed  plasticity  damage  pro¬ 
cess:  in  the  bulk  -  nucleation,  and  then  at  a  crack 
tip  -  macrocrack  propagation.  The  nucleation  process 
often  dominates  the  fatigue  behavior  of  the  cylindri¬ 
cal  smooth  (CS)  sample.  By  way  of  contrast,  the 
propagation  process  dominates  the  total  life  of  the 
compact  tension  (CT)  geometry  often  used  to  devel¬ 
op  fatigue  crack  propagation  (FCP)  data.  What  is 


missed  in  the  schematic  in  Figure  2  during  the  transi¬ 
tion  from  nucleation,  through  for  example,  persistent 
slip  band  formation  to  stable  macrocrack  growth,  is 
the  microcrack  growth  domain. 

As  shown  in  the  schematic  of  Figure  3,  microcrack 
growth  can  be  lumped  into  the  so-called  continuum 
stage  of  the  damage  process.  This  stage  represents  the 
essential  difference  between  damage  that  develops 
from  a  free  surface  and  that  which  develops  from 
some  naturally  occurring  or  processing/fabrication- 
induced  crack-like  defect.  Note  that  the  fatigue 
damage  process  can  span  about  10  orders  of  magni¬ 
tude  in  the  damage  scale.  For  cracks  that  may  be 
present  at  the  structural  level,  the  rate  of  crack 
growth  is  a  popular  measure  of  damage  rate.  At  the 
other  extreme  are  defects  on  the  order  of  atomic 
distances.  If  such  defects  were  like  cracks,  the  rate  of 
growth  of  microstructural  discontinuities  could  be 
used  as  a  measure  of  damage  rate.  But  growth  rates  of 
such  defects  through  ten  orders  of  magnitude  have 
not  yet  been  characterized  by  a  single  internally  con¬ 
sistent  physical  or  mathematical  model.  Consequent¬ 
ly,  the  concept  of  stages  and  models  for  each  has 
become  popular. 

The  concept  of  stages  has  led  to  difficulties  in  making 
accurate  life  predictions.  One  reason  has  to  do  with 
the  specimen  geometries  used  to  develop  the  data 
used  in  calibrating  mathematical  models  of  the 
nucleation  and  growth  damage  processes;  the  CS 
specimen  emphasizes  but  does  not  isolate  the  nucle- 
ation  stage.  Unless  the  damage  rate  process  being 
represented  by  that  specimen  embodies  the  same 
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Figure  2.  The  Development  of  Fatigue  Damage  through  the  Continuum  State  into  the  Macrocrack  State 


mix  of  nucleation  and  propagation  damage  as  theCS 
specimen,  the  damage  rate  processes  will  be  dissimi¬ 
lar.  Another  reason  is  that  damage  rate  is  not  neces¬ 
sarily  a  unique  function  of  the  parameter  used  to 
measure  damage:  that  is,  the  parameter  is  an  inade¬ 
quate  measure  of  damage  rate.  Each  difficulty  will  be 
elaborated  following  a  discussion  of  measures  of 
damage  rate. 

Measures  of  dsmsge.  From  the  work  of  Wood  [4] 
and  Forsythe  [5]  it  is  clear  that  the  macromechanics 
of  damage  for  each  of  the  three  stages  shown  in 
Figure  3  differ,  even  though  reversed  plasticity  is 
common  to  each  stage  at  the  microscopic  level.  It 
is,  therefore,  not  too  surprising  that  such  bulk  mea¬ 
sures  of  the  damage  process  as  stress  and  strain  indi¬ 
cate  substantially  different  damage  accumulation 


rates  between  different  stages.  Indeed,  it  is  such  dif¬ 
ferences  that  gave  rise  to  so-called  double  linear  dam¬ 
age  rules  [6]  when  a  single  measure  of  the  damage 
rate  process  was  used  to  characterize  more  than  one 
stage.  Continuing  in  this  vein  one  might  consider  a 
trilinear  rule  for  the  three  stages  shown  in  Figure  3. 
Unfortunately  such  an  approach  addresses  the  symp¬ 
tom  and  not  the  disease. 

Mechanics  analysis  and  a  consistent  measure  of  dam¬ 
age  for  each  stage  is  required.  A  means  for  delineating 
stages  of  the  damage  process  is  then  needed.  It  should 
be  emphasized  that  this  delineation  is  artificial  in 
that  both  nucleation  and  growth  share  a  common 
mechanism  and,  as  such,  could  be  represented  in  a 
single  model.  The  delineation  between  stages,  there¬ 
fore,  must  be  consistent  with  the  physical  nature  of 
and  the  driving  force  for  the  damage  rate  process. 
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Figure  3.  The  Fatigue  Damage  Proceu 


This  in  turn  means  that  the  delineation  must  evolve 
from  the  mathematical  models  for  nucleation  and 
growth.  In  an  engineering  sense  the  error  associated 
with  the  implementation  of  the  demarcation  must  be 
small.  That  is,  damage  analyses  for  the  nucleation 
stage  must  not  admit  a  significant  period  of  crack 
growth.  Consistency  requires  that  analysis  of  crack 
growth  behavior  must  continue  the  development  of 
the  nucleated  crack. 

It  is  convenient  to  delineate  the  stages  of  the  damage 
process  in  terms  of  two  damage  states  (see  Figure  3). 
In  the  first  -  the  continuum  state  -  such  direct  mea¬ 
sures  of  damage  as  crack  propagation  are  not  reliable 
because  of  the  scale  at  which  damage  occurs  and  the 
fact  that,  in  a  statistical  sense,  damage  occurs  in  a 
large  volume  of  material.  Given  these  considerations 
the  continuum  state  includes  persistent  slip  band 
(PSB)  formation  and  cracking*.  At  the  end  of  the 
continuum  state  a  microcrack  on  the  order  of  10* 
/jm  is  considered  to  have  formed  from  the  area  of 
strain  localization  (defect  sizes 1  to  10/im).  Cracks 
of  this  size  are  currently  considered  large  enough  to 
track.  Consequently,  beyond  this  domain  crack 
growth  rate  is  adopted  as  a  measure  of  damage  in  the 
second  damage  state,  called  the  macrocrack  state. 
Crack  growth  rate  is  adopted  as  a  direct  measure  of 
damage  for  the  second  state.  It  remains  to  define  a 
damage  measure  for  the  continuum  state.  Such  bulk 
measures  as  changes  in  stress  and  strain  over  some 
volume  of  material  have  traditionally  been  success¬ 
fully  used  and  are  therefore  adopted.  Note  that 
stress  and  strain  can  also  serve  as  indirect  measures 
of  the  macrocrack  damage  state,  particularly  such 
measures  of  the  near  tip  stress-strain  field  as  linear 
elastic  stress  intensity  [7l  range,  AK,  or  the  J  integral 
(8]  range,  AJ.  Other  measurr  of  crack  advance  - 
COD  [9] ,  CTOD  [lOl ,  cracked  area  evolved  -  can 
also  be  useful  in  place  of  crack  tip  advance. 

Damage  parameters.  It  is  now  prudent  to  introduce 
the  concept  of  a  damage  parameter.  Recall  that  the 
fundamental  assumption  in  damage  analyses  is  that 
the  damage  rate  at  a  critical  location  in  a  structure 
can  be  assessed  in  terms  of  the  damage  rate  exhibited 
in  some  reference  damage  state.  That  is,  if  the  driving 
force  for  damage  in  a  given  material  is  equal,  equal 
increments  of  damage  will  occur,  However,  the  vari¬ 
ables  controlling  the  damage  rate  process  at  a  critical 
location  in  a  complex  structure  can  seldom  be  recre¬ 
ated  in  the  laboratory.  Mathematical  expressions  of 


these  variables  are  therefore  used  to  match  the  dam¬ 
age  processes  being  compared;  i.e.,  to  ensure  simili¬ 
tude. 

Measures  of  the  driving  force  of  the  damage  rate 
process  during  each  damage  state  that  map  the  struc¬ 
tural  damage  process  into  that  occurring  in  the  refer¬ 
ence  specimen  are  termed  damage  parameters.  By 
definition,  equal  values  of  the  damage  parameter 
mean  equal  damage  rates.  In  the  continuum  state 
total  strain  range  Ae'  serves  as  a  damage  parameter 
for  fully  reversed  strain  control  cycling  of  many 
materials.  In  the  macrocrack  state,  AK  serves  as  a 
damage  parameter  under  constant  amplitude  load 
control  conditions  at  a  given  stress  ratio. 

Marriage  of  nucleation  and  growth  (continuum  and 
macrocrack)  analysis.  When  the  damage  parameter 
does  not  uniquely  characterize  the  damage  rate 
process,  damage  states  are  mismatched  and  damage 
increments  are  incorrectly  computed.  As  noted 
earlier  this  is  due  in  part  to  the  traditional  use  of 
either  CS,  CT,  or  comparable  specimens  to  charac¬ 
terize  material  fatigue  and  fracture  resistance.  Cer¬ 
tainly  both  types  of  specimen  embody  the  three 
stages  of  the  damage  process.  However,  these  geom¬ 
etries  are  seldom  used  independently  to  develop  data 
for  all  three  stages.  The  CS  specimen  tends  by  design 
to  emphasize  the  continuum  state;  the  CT  specimen 
lends  itself  to  the  macrocrack  state.  What  is  missed 
in  this  process  is  the  study  of  the  growth  of  micro¬ 
cracks  1  to  5  X  10*  fjtm  long.  Yet  it  is  this  regime  of 
crack  sizes  that  serves  as  the  interface  between  analy¬ 
ses  of  crack  nucleation  and  crack  growth.  Nor  is  this 
microcrack  size  dealt  with  directly  by  either  nucle¬ 
ation  or  propagation  analysis.  As  a  result,  matching 
the  damage  rate  process  in  a  structure  with  natural 
or  fatigue  initiated  defects  of  this  length  is  difficult. 

SIMILITUDE  IN  DAMAGE  ANALYSIS 

This  section  addresses  the  issue  of  mismatched  dam¬ 
age  states  in  the  interface  region  and  during  nucle¬ 
ation  and  macrocrack  growth. 

Nucleation  (continuum  state).  Delineating  the  con¬ 
tinuum  and  macrocrack  damage  states  has  been  an 
open  question  for  some  time.  A  variety  of  constant 
crack  lengths  have  been  proposed  for  this  purpose 
that  range  from  about  10  /im  to  about  1  cm.  Like- 
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wise,  several  schemes  that  relate  cycles  to  crack 
initiation  to  total  life  have  also  been  suggested. 
In  most  cases  the  single  crack  length  approaches 
have  been  advanced  with  a  view  toward  implement¬ 
ing  this  demarcation  in  laboratory  testing.  As  such, 
larger  crack  sizes  have  been  suggested.  Others,  how¬ 
ever,  have  given  consideration  to  both  the  techni¬ 
cal  concern  that  to  "match  the  damage  rate  processes 
at  the  tip  of  a  crack  at  a  notch  root  using  leference 
smooth  (CS)  specimen  data  to  a  given  level  of  accu¬ 
racy,  the  maximum  allowable  crack  length  will  de¬ 
crease  with  decreasing  notch  root  radius"  (111  and 
the  implementation  problems.  Using  then  available 
solutions  for  stress  intensity  at  cracks  in  smooth  and 
notched  specimens,  a  very  short  length  ('V/  10*  //m) 
had  been  adopted  [12].  Subsequently,  this  same 
problem  was  independently  recognized  and  Dowling 
[13]  using  linear  elastic  fracture  mechanics  (LEFM) 
concepts  developed  an  equation  for  expressing  the 
transition  from  initiation  to  propagation  as  a  func¬ 
tion  of  root  radius.  At  about  the  same  time  similar 
expressions  were  developed  also  using  LEFM  that 
established  a  notch  equivalent  crack  length  [14]  as 
first  suggested  by  Broek  [15].  These  expressions, 
which  can  be  used  in  lieu  of  a  fixed  crack  length  to 
delineate  continuum  and  macrocrack  states,  rely  on 
LEFM  and  as  such  may  be  of  limited  value  in  applica¬ 
tions  to  inalastically  strained  notch  roots.  For  this 
reason,  and  because  most  data  have  beer  developed 
using  a  fixed  crack  length,  such  a  criterion  is  used 
hereafter,  the  length  being  125  Mm.  As  such  a  crack 
is  said  to  have  initiated  when  it  reaches  a  length  of 
125  Mm. 

Recent  research  into  the  role  of  similitude  in  making 
accurate  life  predictions  has  been  extensive  [12,  IB¬ 
IS).  These  studies  have  been  reviewed  in  detail  else¬ 
where  [19].  As  such  only  the  salient  features  are 
related  here  with  the  emphasis  placed  on  the  extent 
of  the  error  that  may  result  when  similitude  is  not 
adequately  achieved. 

Achieving  similitude  requires  that  the  damage  pro¬ 
cesses  being  compared  be  matched  by  an  appropriate 
damage  parameter  [20] .  For  nucleation  such  param¬ 
eters  embody  stress  and  strain  measures  of  damage. 
Predictions  of  structural  life  thus  require  an  adequate 
means  for  computing  stresses  and  strains  at  critical 
areas.  Experience  has  shown  that  these  computations 
must  account  for  nonlinear  material  behavior  that  can 
occur  at  stress  raisers  in  structures  (11,  12];  that  is, 


the  method  for  determining  the  deformation  state 
at  the  critical  location  must  be  known  and  adequately 
portrayed  by  the  damage  parameter.  In  addition, 
similitude  requires  that  the  reference  data  base  "must 
be  matched  to  that  of  the  structure.  When  structural 
life  is  predicted  from  smooth  specimen  data,  there¬ 
fore,  some  life  associated  with  the  formation  of  a 
small  crack  is  also  being  predicted.  If  the  smooth 
specimen  data  used  to  make  this  prediction  embody 
significant  fractions  of  both  nucleation  and  growth,  it 
becomes  difficult  to  interpret  what  is  being  predicted 
in  the  structural  context.  That  is,  careful  attention 
must  be  paid  to  the  failure  criterion. 

Errors  thus  occur  as  a  result  of  incorrect  computa¬ 
tion  and  representation  of  damage  at  stress  raisers 
and  are  also  associated  with  the  failure  criterion. 
Examples  of  the  failure  criterion  have  been  reported 
in  which  different  fractions  of  life  are  spent  in  nucle¬ 
ation  and  growth  at  different  stress  levels  and  at  a 
given  stress  level  [12].  The  most  significant  recent 
examples  pertain  to  cracks  that  nucleate  but  fail  to 
grow.  If  an  appropriate  failure  criterion  is  used, 
nucleation  of  such  cracks  could  be  predicted,  but 
their  nonpropagating  character  could  not  be  [12]. 
Recent  work  by  Miller  [21]  provides  the  basis  for 
assessing  whether  such  cracks  will  grow.  But  it  should 
be  emphasized  that  such  predictions  are  limited  to 
constant  amplitude  cycling  situations. 

The  studies  that  have  had  to  do  with  damage  typical¬ 
ly  suggest  that  errors  result  from  incorrect  computa¬ 
tion  of  critical  location  stresses  and  strains  when  the 
stress  raiser  is  either  inelasticaly  strained  [16,  18]  or 
in  a  multiaxial  field  [22].  These  errors  can  result  in 
predicted  lives  that  differ  from  corresponding  experi¬ 
ments  by  as  much  as  two  orders  of  magnitude. 

Other  advances  with  regard  to  nucleation  prediction 
have  focused  on  verifying  the  use  of  the  deformation 
theory  of  plasticity  on  a  cycle  by  cycle  basis.  Experi¬ 
mental  studies  have  now  shown  that,  for  a  limited 
class  of  problems,  the  deformation  theory,  in  con¬ 
junction  with  a  few  simple  memory  rules  developed 
in  stress  strain  space,  can  be  generalized  into  force 
displacement  space  [23].  This  in  turn  has  led  to  the 
development  of  computer-based  models  that  can 
be  used  to  predict  structural  fatigue  resistance  under 
actual  senrice  loadings  [24).  These  highly  efficient 
codes  make  use  of  the  same  basic  logic  to  control 
cyclic  stress-strain  hysteresis  calculations  at  the 
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Structural  and  material  levels  as  well  as  damage 
calculations.  Such  models  yield  accurate  predictions 
for  actual  hardware  subjected  to  a  service  load  his¬ 
tory  (see  Figure  4). 

Macrocrack  growth.  Macrocrack  propagation  remains 
an  area  of  active  research  interest.  Research  in  macro- 
crack  growth  modeling  based  on  LEFM  has  con¬ 
tinued  as  a  consequence  of  difficulties  encountered 
when  it  is  applied  to  practical  problems.  Research 
focuses  on  four  areas:  development  of  stress  intensity 
solutions,  development  of  mathematical  models  of 
FCP  under  variable  amplitude  loading,  FCP  near  the 
threshold,  and  FCP  near  limit  load/fracture  condi¬ 
tions. 

With  regard  to  stress  intensity  solutions,  efforts  have 
been  concentrated  on  the  usual  analysis  for  specific 
geometries  and  on  three-dimensional  analysis  for 
curved  crack  fronts  and  surface  effects  [25).  Re¬ 
search  has  also  been  directed  toward  computational 
techniques,  particularly  with  crack  tip  elements 
that  incorporate  singular  behavior.  These  studies 
include  both  linear  elastic  behavior  and  nonlinear 
response.  In  the  latter  case,  some  efforts  focus  on 
the  HRR  singularity  (26).  A  number  of  studies  have 
concentrated  on  developing  J  integral  solutions  for 
various  component  geometries.  These  efforts,  al¬ 
though  carried  out  in  the  context  of  tearing  insta¬ 
bility  [27],  will  also  be  useful  in  characterizing  the 
driving  force  for  FCP  when  the  confined  flow  as¬ 
sumption  of  LEFM  is  violated.  Related  work  [28] 
suggests  that  J  might  correlate  FCP  and  be  an  ap¬ 
propriate  measure  of  the  driving  force  under  such 
circumstances.  Several  questions  remain,  however,  as 
to  the  definition  in  the  range  of  J  under  certain  cyclic 
loading  histories,  and  until  these  questions  are  an¬ 
swered  there  is  little  proof  that  similitude  between 
FCP  processes  will  be  provided  for  by  J  or  by  other 
inelastic  measures  of  the  driving  force  [29] . 

The  past  few  years  also  have  seen  renewed  interest 
in  modeling  variable  amplitude  FCP.  Early  studies 
in  the  1970s  [31,  31]  attempted  to  account  for  the 
nonlinear  nature  of  this  process  [29]  by  empirical 
adjustments  to  the  linear  model  [32,  33] .  In  one 
approach  [30]  a  ratio  of  LEFM  pi  jstic  zone  sizes 
created  by  various  levels  of  the  loading  was  used  to 
account  for  retardation  under  overload  cycles.  Al¬ 
though  this  approach  was  partly  successful,  it  could 
not  be  used  without  empirical  calibration  for  the 


history  of  interest.  Unfortunately,  all  such  models 
rely  on  this  calibration,  some  more  than  others.  In 
addition,  because  the  calibration  is  history  sensitive, 
predictions  were  always  somewhat  uncertain.  More 
recent  work  has  followed  those  same  lines  [34]  with 
the  exception  of  the  ligament  model  of  Furing  [35] , 
which  is  an  extension  of  the  ligament  concept  of 
Kraft  [36]  advanced  for  constant  amplitude  corro¬ 
sion  fatigue.  Although  scientifically  appealing,  this 
model  is  very  complex,  requiring  extensive  calibration 
and  entailing  significant  computer  costs  when  it  is 
applied  cycle  by  cycle.  It  i?  certainly  clear  that  many 
of  the  current  models  fail  to  achieve  similitude  be¬ 
tween  the  driving  force  for  growth  under  variable 
amplitude  circumstances  aid  that  in  the  constant 
amplitude  data  base.  However,  often  due  to  the 
nature  of  the  histories  being  examined,  adequate 
engineering  predictions  seem  to  result  from  these 
models.  One  interesting  by-product  of  the  recent 
empirical  studies  is  that  the  myth  that  compression 
cycles  do  not  contribute  to  crack  propagation  has 
been  dispelled  by  experiments  done  to  calibrate  these 
models  [34] . 

A  number  of  interesting  studies  have  been  made  with 
regard  to  macrocrack  growth  near  limit  load  condi¬ 
tions.  They  characterize  both  the  driving  force  for 
near  limit  load  FCP  [28]  and  the  resistance  of 
materials  to  that  driving  force  [37].  In  one  study, 
cyclic  loading  gave  rise  to  values  of  Kj^  equal  to 
those  obtaincJ  under  the  more  usual  monotonically 
increasing  load  [37].  Equal  or  greater  values  of 
K|q  are  often  observed  as  a  fatigue  crack  grows 
unstable.  Such  data  are  no  cause  for  concern;  they 
serve  only  to  confirm  the  utility  of  K|q  as  devel¬ 
oped  per  ASTM  Spec  E399.  By  way  of  contrast, 
other  data  show  that  fatigue  cracks  can  become  un¬ 
stable  at  combinations  of  stress  and  crack  size  below 
that  based  on  K|q  [381.  In  such  cases,  cyclic  load¬ 
ing  has  a  deleterious  effect  on  toughness  as  mea¬ 
sured  in  terms  of  K|q.  This  potentially  negative 
effect  of  cyclic  loading  on  toughness  must  be  under¬ 
stood  before  rational  nredictions  of  structural  fatigue 
and  fracture  resistance  can  be  made.  While  a  problem 
of  all  structures,  it  may  be  particularly  acute  in 
dealing  with  environmentally  assisted  growth.  In 
such  cases,  a  value  of  K  is  commonly  stated  below 
which  growth  is  not  considered  to  occur.  Cyclic 
loading  can  alter  this  number  so  that  once  again 
similitude  is  a  concern.  Although  standardized  tests 
such  as  E399  are  convenient,  they  can  generate  data 
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that  do  not  adequately  reflect  the  service  situation. 
Care  must  be  taken,  therefore,  to  ensure  that  simili¬ 
tude  is  achieved  not  only  in  the  test  geometry  but 
also  in  the  loading  and  environment. 

Numerous  studies  of  the  FCP  at  low  values  of  stress 
intensity  have  also  been  reported  [391 .  The  primary 
concern  for  near  threshold  studies  resides  in 
the  desire  of  the  designer  to  limit  or  avoid  the  growth 
of  defects.  Techniques  for  the  study  of  both  AKjj, 
and  factors  that  control  it  have  been  of  concern. 
Incremental  and  continuous  load  shedding  schemes 
have  been  popularized  to  the  extent  that  they  are 
now  the  subject  of  i  standardization  round-robin 
test  program  [40] . 

The  present  focus  is  on  AKjh  rather  than  on  tech¬ 
niques  to  establish  it.  It  is  significant  that  the  growth 
rate  near  AK^^,  can  be  less  than  one  interatomic 
spacing.  The  process  can  therefore  be  discontinuous 
in  time  and  along  the  crack  advance  front.  Results 
indicate  that  the  process  is  microstructurally  sensi¬ 
tive  [41]  and  has  a  marked  dependence  on  crystal¬ 
lographic  orientation  and  grain  size.  Other  studies 
suggest  that  environment  might  be  a  dominant  factor 
(42).  Another  complicating  feature  is  the  mixed 
mode  nature  of  the  growth;  some  authors  argue  that 
Mode  II  shear  growth  is  responsible  for  near  AK^j, 
growth  [43] . 

Other  significant  factors  include  mean  stress  and 
temperature  [44] .  Perhaps  the  most  perplexing  data 
are  those  in  which  microstructural  variations  that 
improve  AK^^,  tend  to  reduce  the  so-called  endurance 
limit  [45] .  Care  is  thus  necessary  to  ensure  that 
similitude  is  achieved  not  only  in  test  parameters  but 
also  in  the  metallurgical  character  of  the  materials 
being  examined.  Yet  another  aspect  of  similitude  at 
low  values  of  AK  has  to  do  with  the  crack  length 
used  to  obtain  a  low  value  of  AK.  Thus  far  low  AK 
has  been  achieved  by  using  macrocracks  tested  at 
low  stresses.  The  next  section  considers  microcracks 
examined  at  moderate  to  high  stresses. 

Micmcnck  growth.  Microcrack  growth  has  been  one 
of  the  most  popular  research  topics  in  the  last  several 
years.  Included  are  fundamental  studies  in  metal¬ 
lurgy  and  mechanics  [46-50]  and  some  basic  phe¬ 
nomenological  studies  [50-55].  In  contrast  to  the 
work  at  low  stress  intensities  in  long  cracked  speci¬ 
mens,  growth  at  comparable  LEFM  stress  intensities 
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Figure  5.  Nonuniqueness  in  Growth  Rata 
as  a  Function  of  Streu  Intensity  [IB] 

in  geometrically  short  cracks  apparently  occurs 
at  higher  rates.  Figure  5  illustrates  this  for  inter¬ 
mediate  growth  rates  in  circularly  notched  2024-T3 
aluminum  sheets.  Subsequent  work  by  Gowda, 
Topper,  and  Leis  [55],  who  modified  the  Bowie 
solution  [56]  after  Neuber  [57]  to  account  for 
inelastic  action,  showed  a  correlation  of  crack  propa¬ 
gation  rates  in  inelastically  strained  circularly  notched 
steel  plates.  They  noted  that  the  correlation  was 
no  longer  linear  on  logarithmic  coordinates  of  growth 
rate  and  stress  intensity.  Thereafter,  others  [51-53] 
also  noted  such  an  effect  for  problems  of  confined 
flow. 

One  model  based  on  purely  empirical  arguments 
appears  to  consolidate  the  short  crack  behavior 
[51] .  The  essence  of  this  model  is  that  the  effective 
length  of  a  crack  near  a  free  surface  is  greater  than 
the  physical  length  of  the  crack.  The  authors  argue 
that  the  effective  length  is  equal  to  the  physical 
length  plus  some  constant  amount,  denoted  £q, 
which  is  characteristic  of  a  given  material  and  mate¬ 
rial  condition.  Values  of  this  constan*  are  simply 
estimated  by  comparing  threshold  FCP  data  with 


2S 


endurance  limit  data  for  smooth  specimens  using 
LEFM: 
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In  the  equation  Ae  is  the  endurance  strain  range  and 
E  is  Young's  modulus.  To  date  the  utility  of  this 
model  has  been  demonstrated  for  a  variety  of  mate¬ 
rials. 


The  general  utility  of  the  model,  however,  is  open 
to  question  for  a  number  of  basic  reasons,  the  most 
important  of  which  is  that  it  does  not  address  the 
actual  problem.  It  does  circumvent  the  apparent 
shortcoming  of  LEFM  in  consolidating  short  crack 
data  “  that  is,  it  makes  the  symptom  of  nonunique 
growth  rates  for  cop^stant  LEFM  AK  disappear  -  but 
a  recent  study  [54]  that  shows  short  crack  behavior 
for  physically  long  cracks  (0.1  in.  and  0.5  in.  in  an 
aluminum  and  a  steel,  respectively)  indicates  that  the 
concept  as  expressed  in  Equation  (1)  is  not  general. 

Although  appealing  because  of  their  simplicity,  these 
data  suggest  that  empirical  modification  of  the  LEFM 
AK  to  achieve  a  unique  relationship  between  it  and 
FCP  growth  rate  is  unsatisfactory.  As  indicated  in  the 
discussion  of  prediction  schemes  for  variable  ampli¬ 
tude  FCP.  a  parameter  that  achieves  similitude  in 
the  damage  rate  processes  is  required.  Although 
AJ  might  be  appropriate  in  that  context,  recent  as 
yet  unpublished  [50]  data  suggests  that  AJ  will  not 
consolidate  the  data  cited  above  [54] . 

Before  an  appropriate  parameter  is  found,  some 
basic  research  is  required  to  establish  the  variables 
that  govern  the  evolution  of  just-initiated  cracks 
growing  in  gradient  fields.  Such  studies  should  con¬ 
sider  both  analyses  and  experiments.  In  addition, 
models  useful  to  the  engineering  community  shrjuld 
be  developed.  Factors  that  should  be  addressed  in 
these  studies  include:  (1)  the  role  of  such  metal¬ 
lurgical  features  as  grain  size  and  martensite  packet 
size  (i.e.,  factors  pertaining  to  the  breakdown  of 
continuum  concepts);  (2)  the  apparent  coupling  of 
Mode  I  and  Mode  II  microcracking;  (3)  the  predam¬ 
aging  of  material  ahead  of  the  crack  in  the  notch 
field  due  to  such  factors  as  cyclic  inelastic  action 
changing  hardness,  (4)  the  branching  of  microcracks 
and  its  influence  on  stress  intensity;  (5)  the  multi¬ 
plicity  of  initiation  sites  and  the  complex  behavior 


of  the  surface  crack  as  compared  to  the  plane  fronted 
crack;  (6)  the  influence  of  the  free  surface  on  both 
the  stress  state  and  restraint  to  plastic  flow;  (7)  the 
accuracy  of  handbook  solutions  for  infinite  domains 
in  applications  to  finite  domains  where  boundary 
proximity  effects  are  significant;  (8)  the  accuracy  of 
crack  length  measurements;  and  (9)  the  ratios  of 
notch  and  crack  tip  plastic  zone  sizes  to  the  crack 
size.  Certainly  not  all  jt  these  issues  are  critical  in 
every  problem,  but  until  their  role  is  resolved  there 
will  be  uncertainty  in  life  predictions,  particularly  in 
the  area  of  microcrack  propagation.  Some  of  these 
issues  have  been  pursued  at  length  elsewhere  [58, 
59]. 

Given  the  above  list  of  factors  that  affect  the  FCP 
rate  in  a  gradient  field,  the  achievement  of  similitude 
in  a  purely  analytical  fashion  might  be  impossible.  It 
should  be  emphasized  that  a  unique  measure  of  the 
damage  rate  is  sought  in  a  parameter  such  as  K  or  J. 
Factors  such  as  those  involving  metallurgy  can  there¬ 
fore  be  accommodated  only  on  a  case  by  case  basis 
through  calibration  by  experiment.  The  experiment 
must  faithfully  reproduce  the  circumstances  at  hand, 
however. 

Thermal,  environmental  end  multiaxial  aepectt  Char¬ 
acterization  of  the  damage  rate  process  in  situations 
in  which  mechanical  and  perhaps  metallurgical  vari¬ 
ables  dominate  has  been  of  concern  thus  far.  In  indus¬ 
tries  involved  with  power  generation  and  petrochemi¬ 
cals,  however,  damage  analysis  is  complicated  by 
multiaxial  loading  and  by  thermally  activated  and 
environmentally  dependent  damage  mechanisms  be¬ 
yond  the  usual  reversed  plasticity  FCP  process. 


An  excellent  extensive  review  published  in  1977 
[60]  pertains  to  high  temperature  fatigue  and  ther¬ 
mal  mechanical  fatigue.  Other  good  review  papers 
are  available  [61-63].  In  general,  no  single  parameter 
exists  that  correlates  the  wealth  of  available  data. 
For  that  matter,  no  single  parameter  has  received 
universal  acceptance  for  consolidating  even  limited 
data  bases.  It  seems  that,  in  the  interim,  the  best 
approach  is  one  that  demands  little  from  a  damage 
parameter.  Unfortunately  such  an  approach  requires 
test  data  that  closely  match  the  service  situation; 
the  reason  is  that  the  uncertainty  in  the  damage 
parameter  is  circumvented  by  test  conditions  that 
simulate  reality  on  a  case  by  case  basis. 
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As  with  high  temperature  problems,  both  environ¬ 
mental  and  multiaxial  aspects  have  been  the  subject 
of  specific  reviews.  Environmental  aspects  have  been 
considered  recently  [64,  65]  as  has  multiaxiality 
[66] .  Again  no  single  parameter  has  emergeci  that 
is  universaliy  accepted.  A  number  of  mechaiiisms 
have  been  postulated  in  the  environmental  area, 
each  seems  to  work  for  a  restricted  class  of  problem. 
As  with  high  temperature  problems,  the  best  ap¬ 
proach  may  well  be  experiments  that  reasonably 
simulate  the  service  situation  on  a  case  by  case 
basis.  With  regard  to  multiaxiality,  octahedral  shear 
measures  tend  to  be  most  widely  accepted  during 
crack  nucleation  for  proportional  stressing  (66). 
In  contrast,  recent  work  [67]  indicates  such  mea¬ 
sures  wiil  be  inappropriate  for  deaiing  with  damage 
assessment  during  nonproportional  stressing.  With 
regard  to  propagating  cracks,  a  recent  extensive 
study  [68]  concludes  for  confined  flow  at  crack  tips 
that^K  edequetely  consolidates  FCP  data.  This  result 
is  consistent  with  most  of  the  relevant  data. 


COMMENTARY 

Difficulties  in  making  accurate  fatigue  and  FCP  life 
predictions  have  been  traced  to  an  inabiiity  to  match 
the  damage  process  in  the  structure  with  that  in  some 
simpie  laboratory  geometry.  Although  it  is  econom¬ 
ically  advantageous  to  use  currently  available  tech¬ 
nology  and  data  to  solve  such  an  engineering  prob¬ 
lem,  care  must  be  taken  to  understand  the  uncertain¬ 
ty  built  into  the  answer  when  obtained  that  way.  If 
the  problem  at  hand  is  ill  defined  and  uncertainty 
abounds,  such  an  approach  is  all  that  is  warranted. 
On  the  other  hand,  if  highly  accurate  predictions  are 
sought,  experience  has  shown  that  similitude  must  be 
achieved. 

Consideration  must  be  given  to  the  material,  the 
loading,  and  the  environment.  The  structure  of  con¬ 
cern  must  be  correctly  modeled.  The  gradient  at  a 
notch  has  been  shown  to  influence  the  cycles  to 
initiation  and  the  FCP  growth  rate.  The  net  size  of 
the  part  will  likewise  be  a  factor;  test  geometries 
should  be  sized  with  this  in  mind.  The  elastic  stress 
concentration  factor,  notch  gradient,  and  net  section 
size  should  be  chosen  accordingly  when  model  com¬ 
ponents  are  used  to  simulate  their  full  scale  counter¬ 
parts. 


Lite  prediction  should  in  general  encompass  both 
initiation  and  growth.  Experience  now  suggests  that 
if  care  is  taken  to  ensure  similitude,  reasonable  pre¬ 
dictions  of  component  life  can  be  made  in  the  ab¬ 
sence  of  thermal  and  environmental  influences.  Major 
problem  areas  remain,  however.  In  particular,  re¬ 
search  is  needed  with  regard  to  (1)  crack  initiation 
and  growth  in  gradient  fields,  (2)  thermal  and  envi¬ 
ronmental  effects,  (3)  multiaxial  aspects,  and  (4) 
inelastic  fracture  mechanics. 


SUMMARY  AND  CONCLUSIONS 

Ensuring  similitude  between  damage  processes  being 
compared  has  been  shown  to  be  an  essentiai  part  of 
making  structural  life  predictions  using  simple  labo¬ 
ratory  test  data.  Similitude  in  the  context  of  crack 
nucleation  and  macro-  and  microcrack  growth  was 
considered.  Limited  consideration  was  also  given  to 
high  temperature,  environmental,  and  multiaxial 
aspects. 

The  primary  conclusion  is  that,  when  care  is  taken 
to  ensure  similitude,  accurate  life  predictions  can 
be  made.  However,  such  similitude  is  difficult  to 
achieve  in  many  cases  because  detailed  understanding 
of  the  factors  controlling  the  damage  rate  process 
is  lacking.  Research  to  gain  this  understanding  is 
necessary  before  the  major  remaining  problem  areas 
can  be  resolved. 
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BOOK  REVIEWS 


KINEMATICS  AND  DYNAMICS 
OF  PLANAR  MACHINERY 

B.  Paul 

Prentice  Hall,  Inc.,  Englewood  Cliffs,  NJ 
1979,670  pages 

Twenty  years  ago,  mechanism  design  was  done  by 
graphical  construction  using  simple  analytical  tools. 
The  designer  now  can  utilize  analog  and  digital  com¬ 
puters  to  design  complicated  mechanisms.  Graphical 
methods  have  not  been  discarded,  however;  rather, 
they  are  being  used  in  conjunction  with  the  latest 
computing  tools.  This  book  is  a  comprehensive 
treatise  of  the  subject  of  mechanisms. 

The  book  is  divided  into  three  parts.  Part  I  is  con¬ 
cerned  with  geometrical  kinematics.  The  first  two 
chapters  discuss  terminology  and  include  the  kine¬ 
matic  analysis  of  four-bar  mechanisms  (slider  crank, 
scotch  yoke,  pantograph,  and  Geneva  wheel)  and 
complex  vectors,  including  the  Coriolis  theorem. 

Chapters  III  and  IV  consider  different  types  of  com¬ 
mon  gears  (spur,  helical,  bevel,  and  worm),  various 
gear  train  arrangements,  and  different  types  of  tooth 
profiles  including  their  method  of  manufacture. 
Variations  in  cam  design  are  described.  The  graphical 
and  mathematical  approaches  are  followed. 

Chapter  V  describes  the  motion  of  lamina  and  con¬ 
siders  the  equations  for  centroids;  relative  motion 
of  three  planes  (Kennedy-Arenhold  theorem);  and 
mechanical  applications  of  trachoids,  the  isochronous 
pendulum,  and  root's  blower.  Velocity  and  accelera¬ 
tion  equations  are  applied  to  common  moving  lamina. 
Chapter  VI  has  to  do  with  graphical  construction 
in  kinematics. 

Part  II  is  concerned  with  mathematical  and  analyti¬ 
cal  graphics.  Chapters  VII  and  VIII  describe  a  single 
loop  mechanism  and  lead  into  degrees  of  freedom 
and  constraints  in  kinematics.  LaG range's  equation 
is  introduced;  independent  loop  mobility  criteria 


and  simple  approaches  adapted  from  topology  of 
networks  are  given. 

Chapter  IX  contains  simple  application  of  LaGrange's 
equation:  position  analysis  and  the  Newton-Raphson 
equations  for  numerical  solution  using  computer 
program. 

Chapter  X  has  to  do  with  mathematical  application 
of  velocity  and  acceleration  to  a  number  of  different 
mechanisms,  including  solution  of  differential  equa¬ 
tions  and  some  computer  programs. 

Part  III  presents  comprehensive  coverage  of  the 
analytical  approach.  Chapter  XI  is  concerned  with 
the  status  of  mechanisms  enveloped  in  vertical  work, 
generalized  forces,  friction,  and  dead  load.  Chapter 
XII  considers  the  dynamics  of  a  single-degreeof- 
freedom  system.  The  author  applies  the  generalized 
equation  of  motion  to  various  types  of  mechanisms. 
Equilibrium  conditions  are  precisely  explained  using 
simple  applications  and  illustrations.  The  chapter 
concludes  with  a  fine  section  on  reciprocating  engine 
dynamics,  transient  engine  performances,  and  fly¬ 
wheel  dynamics.  The  illustrations  and  computer 
programs  will  be  of  value  when  the  equations  are 
used. 

Chapter  XIII  explains  balancing  methods  for  equip¬ 
ment,  including  rotors.  Balancing  machines  and 
instrumentation  are  discussed  and  applied  to  inertia 
balancing  of  multi-cylinder  engines  and  planar  link¬ 
ages.  Chapter  XIV  introduces  multi-degree-of-free- 
dom  mechanisms  and  general  computer  programs 
that  can  be  applied  to  mechanism  theory. 

The  appendices  explain  in  detail  Grashof's  theorem, 
complex  numbers,  concepts  from  theory  of  graphs, 
and  matrices,  and  present  additional  computer  pro¬ 
grams. 

This  book  is  an  excellent  text.  The  reviewer  would 
have  preferred  a  section  on  finite  elements  because 
mechanism  theory  will  eventually  use  this  powerful 
method  which  is  at  present  being  extensively  used  in 
other  areas  of  mechanics.  The  book  can  be  utilized 
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as  a  reference  book  and  is  highly  recommended  to 
all  designers  and  analysts  interested  in  dynamics 
of  machinery  and  its  applications. 

H.  Saunders 
General  Electric  Company 
Schenectady,  NY  12345 


NONDESTRUCTIVE  EVALUATION  AND 
FLAW  CRITICALITY  FOR  COMPOSITE 
MATERIALS 

R.B.  Pipes,  Editor 

American  Society  for  Testing  and  Materials 
(STP  696),  Philadelphia,  PA,  1979,  $34.50 

This  book  contains  the  proceedings  of  the  Nonde¬ 
structive  Evaluation  and  Flaw  Criticality  for  Com¬ 
posite  Materials  Symposium  that  was  held  in  Phila¬ 
delphia,  Pennsylvania  ir  October,  1978.  The  meeting 
was  sponsored  by  the  American  Society  for  Testing 
and  Materials  Coinmiti.w  D-30  on  High  Modulus 
Fibers  and  Their  Composites. 

The  primary  goals  of  m  rook  as  stated  in  the  intro¬ 
duction  are: 

•  To  present  the  jtato  of  the  art  of  nondestruc¬ 
tive  insp'  -ti  .ir.  methodologies  for  composite 
materials  and  to  assess  deficiencies 

•  To  i.v^iiiatG  analytical  methods  for  the  descrip¬ 
tion  of  critical  flaw  geometries  and  growth 
,  '-M.  iomena  in  composite  materials 

<*  1 1)  Ji.'velop  a  basic  understanding  of  failure 
.'!i  rnomena  and  to  establish  methods  of  frac- 
lography  for  composite  materials 

•  To  promote  an  exchange  among  engineers, 
material  scientists,  and  physicists  leading  to 
development  of  the  unified  technology  neces¬ 
sary  for  certification  of  composite  structures 

The  initial  section  of  this  book  includes  conferencv'^ 
papers  that  treat  nondestructive  evaluation  method¬ 
ology  for  composite  materials.  Ultrasonic,  holograph¬ 
ic,  neutron  radiographic,  liquid  crystal,  and  vibro- 
themography  techniques  for  the  detection  of  damage 
in  composite  materials  are  the  specific  subjects 
treated. 


The  second  section  covers  papers  on  flaw  criticality 
of  composites.  The  papers  ad'  the  topics  of  what, 
where,  when,  and  how  to  look  for  flaws;  the  formu¬ 
lation  of  analytical  models  for  different  predictions 
of  critical  flaw  sizes,  mode  of  failure,  lifetime,  and 
residual  strength;  and  experimental  confirmation  of 
analysis  predictions. 

The  final  section  contains  papers  on  flaw  characteri¬ 
zation  in  composite  materials.  Subjects  include 
environmentally  enhanced  surface  damage  and 
microstructure  degradation  in  graphite/epoxy,  the 
initiation  and  growth  of  damages  around  embedded 
flaws  in  graphite/epoxy,  the  location  of  fracture 
origins  and  fracture  surface  characterization  in 
graphite/epoxy,  and  the  d  ;tion  and  characteri¬ 
zation  of  inherent  defects  in  i  phite/aluminum. 

This  book  will  serve  both  the  engineer  and  material 
scientist  as  an  excellent  general  reference  for  informa¬ 
tion  concerning  nondestructive  evaluation  and  flaw 
criticality  for  composite  materials. 

S.E.  Benziey 

Associate  Professor  of  Civil  Engineering 
Brigham  Young  University 
Provo,  Utah  84601 


M^CANIQUE  DES  VIBRATIONS 
LIN^AIRES 

M.  Lalanne,  P.  Berthier.  and  J.  Der  Hagopian 
Masson  Publ.,  Paris,  France 
1980,  214  pages  (in  French) 


This  is  a  very  useful  addition  to  the  extensive  list  of 
books  available  for  a  first  course  in  mechanical  vibra¬ 
tions.  In  just  over  150  pages,  the  authors  present 
both  the  important  classical  techniques  (equations 
of  motion  in  matrix  notation  and  the  Rayleigh 
energy  method)  and  the  important  modern  tech¬ 
niques  (numerical  integration  algorithms  and  the 
finite  element  method).  There  is  also  a  chapter  on 
experimental  measurement.  In  the  opinion  of  the 
reviewer,  the  choice  of  topics  and  the  extent  of 
coverage  is  ideal  for  a  first  course.  However,  the 
book  does  assume  a  substantial  knowledge  of  dynam- 
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ics,  strength  of  materials,  and  matrix  algebra.  In¬ 
structors  will  have  to  supplement  the  text  if  their 
students  lack  any  of  this  preparation. 

An  especially  valuable  feature  of  the  book  is  the 
exercises.  Answers  are  given  to  each,  and  in  selected 
cases  the  solutions  are  worked  out  in  detail.  Most  of 
the  exercises  supplement  the  text,  and  anyone 
working  through  the  full  set  (about  75)  will  learn  a 
great  deal  about  solving  vibration  problems.  As  is 
appropriate  in  this  day  and  age,  many  of  the  exercises 
require  the  use  of  a  computer.  In  case  appropriate 
computer  programs  are  not  available,  the  authors 
provide  listings  for  eleven  programs  (in  BASIC) 
that  can  be  implemented  on  a  machine  with  a  16K 
memory.  The  exercises  and  p  ograms  have  been 
selected  from  those  used  by  the  authors  at  the 
Institut  National  des  Sciences  Appliquees  de  Lyon. 

The  coverage  is  divided  into  seven  chapters: 

Chapter  I  Systems  with  One  Degree  of  Free¬ 
dom  (free  vibration,  forced  vibration, 
damping,  Rayleigh's  method,  appli¬ 
cations) 

Chapter  II  Systems  with  Two  Degrees  of  Free¬ 
dom  (free  vibration  with  and  without 
damping,  forced  vibration  with  and 


without  damping,  the  vibration  ab¬ 
sorber) 

Chapter  III  Systems  with  N  Degrees  of  Freedom 
(matrix  formulation  of  the  equation 
of  motion,  calculation  of  frequencies 
and  modes,  solution  by  modal  ex¬ 
pansion  and  numerical  integration) 
Chapter  IV  Continuous  Systems  (bars,  beams 
and  plates,  calculation  of  frequencies 
and  modes,  forced  response) 

Chapter  V  Calculations  by  Finite  Elements 
Chapter  VI  Experimental  Aspects  (transducers, 
exciters,  measurement  systems) 
Chapter  VII  Computer  Programs  (language  and 
procedures,  description  of  programs, 
listings) 

The  reviewer  highly  recommends  this  book  for  its 
combination  of  brevity,  clarity,  and  emphasis  on 
modern  solution  methods.  It  is  hoped  that  an  English 
translation  will  soon  be  provided  so  that  American 
students  can  benefit  from  this  modern  view  of  an 
important  area  of  engineering  education. 

F.C.  Nelson 
College  of  Engineering 
Tufts  University 
Medford,  MA  02155 


SHORT  COURSES 


AUGUST 

MACHINERY  DATA  ACQUISITION 

Dates:  August  3-7, 1981 

September  28 -October  2,  1981 
December  7-11, 1981 
Place:  Carson  City,  Nevada 

Objective:  This  seminar  is  designed  for  people  whose 
function  is  to  acquire  machinery  data  for  dynamic 
analysis,  using  specialized  instrumentation,  and/or 
that  person  responsible  for  interpreting  and  analyzing 
the  data  for  the  purpose  of  corrective  action  on 
machines.  Topics  include  measurement  and  analysis 
parameters,  basic  instrumentation  review,  data  col¬ 
lection  and  reduction  techniques,  fundamental  rotor 
behavior,  explanation  and  symptoms  of  common 
machinery  malfunctions,  including  demonstrations 
and  case  histories.  The  week  also  includes  a  lab  work¬ 
shop  day  with  hands-on  operation  of  the  instrumenta¬ 
tion  and  demonstration  units  by  the  participants. 

Contact:  Kathy  Fredekind,  Bently-Nevada  Corpo¬ 
ration,  P.O.  Box  157,  Minden,  Nevada  89423-  (702) 
782-3611,  Ext.  224. 


RELIABILITY  AND  LIFE  TESTING 

Dates:  August  10-14,  1981 

Place.  Los  Angeles,  California 

Objective:  To  cover  the  following  subjects:  method¬ 
ologies  to  improve  the  reliability  of  components, 

equipment  and  systems;  follow  their  reliability 
growth:  identify  the  distributions  of  their  times-to- 
failure;  determine  their  mean  life,  their  reliability, 
and  their  failure  rate,  with  their  confidence  limits  at 
specified  confidence  levels;  various  new  small-sample- 
size,  short-duration  reliability  and  life  tests;  non- 
parametric  reliability  and  life  tests;  sequential  tests 
for  the  exponential  and  binomial  cases'  tests  of 
comparison  for  the  exponential,  Weibull  and  binomial 
cases;  accelerated  life  testing;  Bayesian  life  and 
reliability  testing;  identification  of  the  appropriate 
times-to-failure  distributions  to  use  and  the  applica¬ 
tion  of  goodness-of-fit  tests  to  distributions  fitted  to 


data;  probability  plotting  techniques  to  find  the 
parameters  of  the  appropriate  distributions  to  use. 

Contact;  Mr.  Robert  Rector,  Assistant  Director  - 
Short  Courses,  UCLA,  6266  Boelter  Hall,  Los  Ange¬ 
les,  CA  90024  -  (213)  825-3496/1295/3344. 


FOUNDATIONS  OF  ENGINEERING  ACOUSTICS 

Dates:  August  10-21,  1981 

Place:  Cambridge,  Massachusetts 

Objective;  This  summer  program  is  a  specially 
developed  course  of  study  which  is  based  on  two 
regular  MIT  subjects  (one  graduate  level  and  one 
undergraduate  level)  on  vibration  and  sound  in  the 
Mechanical  Engineering  Department.  The  program 
emphasizes  those  parts  of  acoustics  -  the  vibration 
of  resonators,  properties  of  waves  in  structures  and 
air  -  the  generation  of  sound  and  its  propagation 
that  are  important  in  a  variety  of  fields  of  applica¬ 
tion,  The  mathematical  procedures  that  have  been 
found  useful  in  developing  the  desired  equations 
and  their  solutions,  and  the  processing  of  data  are 
also  studied.  These  include  complex  notation,  fourier 
analysis,  separation  of  variables,  the  use  of  special 
functions,  and  spectral  and  correlation  analysis. 

Contact:  Director  of  Summer  Session,  Room  E19- 
356,  Massachusetts  Institute  of  Technology,  Cam¬ 
bridge,  MA  02139. 


PYROTECHNICS  AND  EXPLOSIVES 

Dates:  August  17-21 , 1981 

Place:  Philadelphia,  Pennsylvania 

Objective;  The  seminar  combines  the  highlights  of 
Pyrotechnics  and  Solid  State  Chemistry,  given  the 
last  twelve  summers,  and  Explosives  and  Explosive 
Devices  that  made  its  successful  appearance  ten  years 
ago.  Similar  to  previous  courses,  the  seminar  will  be 
practical  so  as  to  serve  those  working  in  the  field. 
Presentation  of  the  theory  is  restricted  to  that  neces¬ 
sary  for  an  understanding  of  basic  principles  and 
successful  application  to  the  field.  Coverage  empha- 
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sizes  recent  effort,  student  problems,  new  techniques, 
and  applications. 

Contact:  Mr.  E.E.  Hannum,  Registrar,  The  Frank¬ 

lin  Research  Center,  Philadelphia,  PA  19103  -  (215) 
448-1236/1395. 

MACHINERY  VIBRATION  ANALYSIS 


Dates: 

August  18-21 , 1981 

Place: 

New  Orleans.  Louisiana 

Dates: 

October  6-9, 1981 

Place: 

Houston,  Texas 

Dates: 

November  3-6, 1981 

Place: 

Atlanta,  Georgia 

Objective:  In  this  four-day  course  on  practical 
machinery  vibration  analysis,  savings  in  production 
losses  and  equipment  costs  through  vibration  analy¬ 
sis  and  correction  will  be  stressed.  Techniques  will 
be  reviewed  along  with  examples  and  case  histories 
to  illustrate  their  use.  Demonstrations  of  measure¬ 
ment  and  analysis  equipment  will  be  conducted 
during  the  course.  The  course  will  include  lectures 
on  test  equipment  selection  and  use,  vibration  mea¬ 
surement  and  analysis  including  the  latest  informa¬ 
tion  on  spectral  analysis,  balancing,  alignment,  iso¬ 
lation,  and  damping.  Plant  predictive  maintenance 
programs,  monitoring  equipment  and  programs,  and 
equipment  evaluation  are  topics  included.  Specific 
components  and  equipment  covered  in  the  lectures 
include  gears,  bearings  (fluid  film  and  antifriction), 
shafts,  couplings,  motors,  turbines,  engines,  pumps, 
compressors,  fluid  drives,  gearboxes,  and  slow  speed 
paper  rolls. 

Contact:  Dr.  Ronald  L.  Eshleman,  The  Vibration 

Institute,  101  West  55th  Street,  Suite  206,  Clarendon 
Hills,  I L  60514- (312)  554-2254. 

VIBRATION  AND  SHOCK  SURVIVABILITY, 
TESTING.  MEASUREMENT,  ANALYSIS. 

AND  CALIBRATION 

Dates:  August  24-28, 1981 

Place:  Santa  Barbara,  California 

Dates:  October  5-9, 1981 

Place:  Bournemouth,  England 

Objective:  Topics  to  be  covered  are  resonance  and 
fragility  phenomena,  and  environmental  vibration 
and  shock  measurement  and  analysis;  also  vibration 
and  shock  environmental  testing  to  prove  surviv¬ 


ability.  This  course  will  concentrate  upon  equipments 
and  techniques,  rather  than  upon  mathematics  and 
theory. 

Contact:  Wayne  Tustin,  22  East  Los  Olivos  St., 
Santa  Barbara,  CA  93105  -  (815)  682-7171. 


MECHANICAL  ENGINEERING 

Dates:  August  31  -  September  4, 1981 

Place:  Carson  City,  Nevada 

Objective:  This  course  is  designed  for  the  mechanical 
or  maintenance  engineer  who  has  responsibility  for 
the  proper  operation  and  analysis  of  rotating  ma¬ 
chinery.  Working  knowledge  of  transducers,  data 
acquisition  instrumentation  and  fundamental  rotor 
behavior  is  a  prerequisite.  The  course  includes:  a 
guest  speaker  in  the  field  of  machinery  malfunctions; 
descriptions  and  demonstrations  of  machinery  mal¬ 
functions;  discussions  of  the  classification,  identifi¬ 
cation,  and  correction  of  various  machine  malfunc¬ 
tions;  a  one  day  rotor  dynamics  lab  with  individual 
instruction  and  operation  of  demonstration  units; 
and  emphasis  on  the  practical  solution  of  machinery 
problems  rather  than  rotor  dynamic  theory. 

Contact:  Kathy  Fredekind,  Bently-Nevada  Corpo¬ 
ration,  P.O.  Box  157,  Minden,  Nevada  89423  -  (702) 
782-3611,  Ext.  224. 


SEPTEMBER 

ROTOR  VIBRATION  ANALYSIS 

Dates:  September  1-3,  1981 

Place:  Edinburgh,  UK 

Objective:  An  intensive  course  for  engineers  involved 
in  the  vibration  analysis  of  rotors  supported  in 
journal  bearings.  The  course  will  also  be  useful  to 
engineers  who  have  professional  responsibility  for  the 
maintenance  of  rotating  plant.  The  main  feature  of 
the  course  will  be  on-line  computation  of  the  re¬ 
sponse  and  stability  of  rotor  bearing  systems.  This 
will  be  preceded  by  an  outline  of  the  theoretical 
methods  used  and  followed  by  practical  demonstra¬ 
tions  of  contemporary  monitoring  equipment. 

Contact:  R.D.  Brown,  Department  of  Mechanical 
Engineering,  Heriot-Watt  University,  Riccarton,  Cur¬ 
rie,  Edinburgh,  EH  14  4AS  -  (031)  449-5111,  Ext. 
2387,9. 
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lOTH  ADVANCED  NOISE  AND  VIBRATION 
COURSE 

Dates;  Septemhor  14-18, 1981 

Place:  Southampton,  England 

Objective;  The  course  is  aimed  at  researchers  and 
development  engineers  in  industry  and  research 
establishments,  and  people  in  other  spheres  who  are 
associated  with  noise  and  vibration  problems.  The 
course,  which  is  designed  to  refresh  and  cover  the 
latest  theories  and  techniques,  initially  deals  with 
fundamentals  and  common  ground  and  then  offers 
a  choice  of  specialist  topics.  The  course  comprises 
over  thirty  lectures,  including  the  basic  subjects  of 
acoustics,  random  processes,  vibration  theory,  sub¬ 
jective  response  and  aerodynamic  noise,  which  form 
the  central  core  of  the  course.  In  addition,  several 
specialist  applied  topics  are  offered,  including  aircraft 
noise,  road  traffic  noise,  industrial  machinery  noise, 
diesel  engine  noise,  process  plant  noise  and  environ¬ 
mental  noise  and  planning. 

Contact:  Mrs.  O.G.  Hyde,  ISVR  Conference  Sec¬ 

retary,  The  University,  Southampton,  S09  5NH, 
England  -  (0703)  559122  X  2310/752,  Telex  47661. 


BASIC  INSTRUMENTATION  SEMINAR 

Dates:  September  15-17, 1981 

Place:  New  Orleans,  Louisiana 

Dates:  October  20-22, 1981 

Place:  Houston,  Texas 

Dates:  October  27-29, 1981 

Place:  Pittsburgh,  Pennsylvania 

Objective;  This  course  is  designed  for  maintenance 
technicians,  instrument  engineers,  and  operations 
personnel  -  those  individuals  responsible  for  installa¬ 
tion  and  proper  operation  of  continuous  monitoring 
systems.  An  in-depth  examination  of  probe  installa¬ 
tion  techniques  and  monitoring  systems  including 
types,  functions,  and  calibration  procedures  is  pro¬ 
vided.  Also  presented  is  an  overview  of  some  of  the 
instrumentation  used  to  acquire  data  for  vibration 
analysis,  including  oscilloscopes,  cameras,  and  special¬ 
ized  filter  instruments. 

Contact;  Kathy  Fredekind,  Bently-Nevada  Corpo¬ 
ration,  P.O.  Box  157,  Minden,  Nevada  89423  -  (702) 
782-3611,  Ext.  224. 


OCTOBER 


UNDERWATER  ACOUSTICS 

Dates:  October  5-9, 1981 

Place:  University  Park,  Pennsylvania 

Objective:  This  course  is  designed  to  introduce  the 
basic  principles  and  concepts  of  undenrvater  acoustics 
to  those  new  to  the  field  as  well  as  to  serve  as  a 
refresher  for  those  who  need  to  become  acquainted 
with  recent  advances.  Tr  presented  include  under¬ 
water  sound  propagation,  sonar  concepts,  ambient 
noise  and  reverberation  considerations,  transducer 
technology,  nonlinear  acoustics  and  parametric 
arrays,  target  physics,  and  radiated  and  self  noise 
due  to  turbulent  flows  and  cavitation. 

Contact:  Alan  D.  Stuart,  Course  Chairman,  The 
Applied  Research  Laboratory,  The  Pennsylvania 
State  University,  P.O.  Box  30,  State  College,  PA 
16801  -1814)  865-1397. 


DESIGN  OF  FIXED  OFFSHORE  PLATFORMS 

Dates;  October  5- 1 6, 1 98 1 

April  5-16,  1982 
Place:  Austin,  Texas 

Objective:  This  course  is  dedicated  to  the  profes¬ 
sional  development  of  those  engineers,  scientists,  and 
technologists  who  are  and  will  be  designing  fixed 
offshore  platforms  to  function  in  the  ocean  environ¬ 
ment  from  the  present  into  the  twenty-first  century. 
The  overall  objective  is  to  provide  participants  with 
an  understanding  of  the  design  and  construction  of 
fixed  platforms,  specifically  the  theory  and  processes 
of  such  design  and  the  use  of  current,  applicable 
engineering  methods. 

Contact:  Continuing  Engineering  Studies,  College 
of  Engineering,  Ernest  Cockrell  Hall  2.102,  The 
University  of  Texas  at  Austin,  Austin,  Texas  78712- 
(512)  471-3506. 


VIBRATION  CONTROL 

Dates;  October  12-16,  1981 

Place;  University  Park,  Pennsylvania 

Objective:  The  seminar  emphasizes  principles,  gen¬ 
eral  approaches  and  new  developments,  with  the 
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aim  of  providing  participants  with  efficient  tools 
for  dealing  with  their  own  practical  vibration  prob¬ 
lems. 

Contact:  Debra  A.  Noyes,  410  Keller  Conference 

Center,  University  Park,  Pennsylvania  16802  -  (814) 
865-8820,  TWX  No:  510-670-3532. 

FEBRUARY 

BALANCING  OF  ROTATING  MACHINERY 

Dates:  February  23-25, 1982 

Place:  Houston,  Texas 

Objective:  The  seminar  will  emphasize  the  practical 


aspects  of  balancing  in  the  shop  and  in  the  field.  The 
instrumentation,  techniques,  and  equipment  per¬ 
tinent  to  balancing  will  be  elaborated  with  case  his¬ 
tories.  Demonstrations  of  techniques  with  appro¬ 
priate  instrumentation  and  equipment  are  scheduled. 
Specific  topics  include:  basic  balancing  techniques 
(one-and  two-plane),  field  balancing,  balancing  with¬ 
out  phase  measurement,  balancing  machines,  use  of 
programmable  calculators,  balancing  sensitivity,  flex¬ 
ible  rotor  balancing,  and  effect  of  residual  shaft 
bow  on  unbalance. 

Contact:  Dr.  Ronald  L.  Eshleman,  Vibration  In¬ 
stitute,  101  W.  55th  St.,  Suite  206,  Clarendon  Hills, 
I L  60514 -(312)  654-2254. 
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Call  for  Papen 

SYMPOSIUM  ON  ADVANCES  AND  TRENDS 
IN  STRUCTURAL  AND  SOLID  MECHANICS 
Octcl»T4-7, 1982 
Sheraton  National  Motor  Hotel 
Waahin|;ton,  D.C. 

The  purpose  of  the  symposium  is  to  provide  a  multi¬ 
disciplinary  medium  for  communicating  recent  and 
projected  advances  in  applied  mechanics,  applied 
analysis,  numerical  analysis,  computer  hardware  and 
software  and  their  impact  on  structural  and  solid 
mechanics. 

Papers  are  invited  on  the  impact  of  development  in 
each  of  the  following  areas  on  structural  and  solid 
mechanics: 

Applied  Mechanics  and  Engineering 

•  New  structural  theories  and  their  formulation  (in¬ 
cluding  theories  needed  for  interaction  problems) 

•  Constitutive  laws  for  new  structural  materials  and 
severe  environments 

•  Strength  and  failure  theories 

Computer  Science  and  Computer  Hardware 

•  Database  design  and  management 

•  Advanced  processors  (e.g.,  parallel,  pipeline  and 
array  processors) 

•  Distributed  computing  and  networks 

•  Microprocessors  and  minicomputers 

•  Computer  graphics 

•  Systolic  arrays 

•  Artificial  intelligence 

Applied  Analysis 

Analytical  solution  techniques  (e,g„  asymptotic  inte¬ 
gration,  integral  equations,  Newton's  method,  pertur¬ 
bation,  collocation  and  others) 

•  Computer  implementation  of  the  above  techniques 
for  the  analysis  of  general  structural  components 


•  Adaptation  of  the  above  techniques  to  general- 
purpose  codes 

Numerical  Analysis 

•  Mathematical  modeling  techniques 

•  Solution  strategies  for  nonlinear  problems  and 
adaptive  methods 

•  Algorithms  for  new  computing  systems 

•  Advances  in  finite  element  technology  and  other 
discretization  techniques 

•  Hybrid  numerical  methods 

Also,  papers  are  invited  on  the  following  application 
areas: 

•  Inelastic  behavior,  failure  mechanisms  and  damage 
tolerance  of  fibrous  composite  structures 

•  Interaction  problems  (e.g,,  actively  controlled 
structures,  fluid-structure,  soil-structure  inter¬ 
action  and  contact  problems 

•  Large-area  space  structures 

•  Crash  dynamics  and  vehicle  crashworthiness 

•  Impact  and  penetration  mechanics 

•  Earthquake  resistant  structures 

Authors  should  submit  five  copies  of  an  extended 
abstract  of  about  1,000  words  including  sample 
figures  prior  to  October  16,  1981.  Notification  of 
acceptance  will  be  given  by  November  30,  1981. 
Five  copies  of  the  final  manuscript,  complete  with 
original  drawings  or  glossy  prints  will  be  due  by 
April  16,  1982. 

One-page  abstracts  are  also  solicited  on  current 
research  in  progress  for  short  presentations  at  special 
sessions.  A  volume  of  proceedings  will  be  published 
before  the  meeting  and  the  papers  accepted  will 
also  be  considered  for  publication  in  the  Journal  of 
Computers  and  Structures. 

For  further  information,  contact:  Professor  Ahmed 
K.  Noor,  Mail  Stop  246,  GWU-NASA  Langley  Re¬ 
search  Center,  Hampton,  Virginia  23665  -  (804)  827- 
2897. 
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INFORMATION  RESOURCES 


TACTICAL  WEAPON  GUIDANCE  AND  CONTROL  INFORMATION  AND  ANALYSIS  CENTER 


BACKGROUND  AND  MISSION 

GACIAC  is  the  Tactical  Weapon  Guidance  and 
Control  Information  Analysis  Center,  an  Information 
Analysis  Center  initiated  by  the  Department  of 
Defense  (DoD)  in  March  of  1976,  administered  by 
the  Defense  Logistics  Agency  (DLA),  sponsored  by 
tho  U.S.  Army  Missile  Command  (MICOM),  and 
oputdtod  by  IIT  Research  Institute  (IITRI)  since 
July  ol  1977. 

GACIAC 's  mission  is  to  assist  the  tactical  weapon 
guidance  and  control  community,  both  government 
and  industry,  by  encouraging  and  facilitating  the 
exchange  and  dissemination  of  technical  data  and 
information  to  effect  coordination  of  research, 
exploratory  development,  and  advanced  technology 
demonstrations. 

GACIAC  Is  an  lAC.  The  purpose  of  the  GACIAC  is 
to  fulfill  the  functions  of  a  full-service  Information 
Analysis  Center  (lAC).  An  lAC  is  a  center  that 
provides  scientific  and  technical  information  and 
support  services  to  both  government  and  industry 
in  a  vital  technical  area.  GACIAC's  data  base  con¬ 
sists  of  computerized  bibliographic  information  on 
thousands  of  documents  dealing  with  various  aspects 
of  guidance  and  control  and  related  technologies. 
This  data  base  is  constantly  being  expanded  to 
incorporate  the  results  of  relevant  research  and 
development  projects.  Information  sources  include: 
technical  reports  from  DoD,  other  government 
agencies,  industry,  and  academic  institutions;  open 
literature,  including  foreign  sources;  unpublished 
papers;  and  proceedings  from  conferences,  symposia, 
and  conventions. 

Fields  of  Interest.  GACIAC's  hclds  ol  imorest  are  in 
the  technology  of  tactical  weapon  guidance  and 
control  and  related  analyses,  hardware,  subsystems, 
and  systems.  The  tactical  weapons  included  in  the 
program  are;  missiles,  rockets,  bombs,  submunitions. 


projectiles,  and  munition  dispersing  cannisters.  Nu¬ 
clear  weapons  are  not  included  in  GACIAC's  fields 
of  interest,  unless  a  given  nuclear  weapon  is  specif¬ 
ically  defined  as  being  for  tactical  purposes. 

Technic^  Areas.  GACIAC's  technical  areas  are: 
theoretical  performance  calculations;  system  and 
subsystem  simulation;  instrument  and  seeker  devel¬ 
opment  and  tests;  inertial  component  and  system 
development;  control  actuators  and  their  power 
sources;  aerodynamic  and  reaction  jet  control  devices; 
development  of  computational  techniques  and 
hardware;  special  design  test  equipment  and  tech¬ 
niques;  component  design  criteria;  analytic  test  tech¬ 
niques;  manufacturing  process  development;  opera¬ 
tional  serviceability;  environmental  protection;  and 
material  areas. 

Functions.  GACIAC's  functions  are. 

•  To  develop  and  maintain  a  data  base  in  its 
fields  of  interest  using  the  Defense  Technical 
Information  Center's  (DTIC)  computer  via  a 
classified  terminal  at  GACIAC. 

•  To  collect,  review,  and  store  documents  in  its 
fields  of  interest. 

•  To  analyze,  appraise,  and  summarize  informa¬ 
tion  and  data  on  selected  subjects. 

•  To  disseminate  information  to  the  G&C  com¬ 
munity  and  GACIAC  users  through  periodic 
bulletins,  bibliographies,  state-of-the-art  sum¬ 
maries,  handbooks,  and  special  reports. 

•  To  provide  technical  and  administrative  support 
to  the  Joint  Service  Guidance  and  Control 
Committee  (JSGCC). 


PRODUCTS  AND  SERVICES 

GACIAC's  services  and  products  are  available  to 
DTIC  users.  GACIAC  users  must  be  registered  with 
DTIC  at  the  confidential  or  higher  security  level. 
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and  have  an  established  need-to-know.  Such  registra¬ 
tion  results  in  a  DTIC  user  code  number  and  inclusion 
in  the  DoD  Dissemination  Authority  List  (DAL), 
where  users'  facility  clearances  and  fields  of  interest 
are  specified. 

GACIAC's  products  and  services  include: 

•  Abstracts  and  Indices 

•  Critical  Reviews  and  Technology  Assessments 

•  Current  Awareness  Bulletin  •  The  GACIAC 
Bulletin  is  available  free-of-charge  to  manage¬ 
ment  and  technical  personnel  interested  in 
guidance  and  control.  The  bulletin  covers 
activities  and  developments  in  G&C,  and 
provides  reviews  of  pertinent  reports,  books, 
and  articles. 

•  Handbooks  and  Data  Books 

•  Proceedings  of  Conferences/Workshops 

•  Reports  of  Special  Studies  and  Tasks 

•  State-of-the-Art  Reviews 

GACIAC's  services  include. 

•  Bibliographic  Inquiries 

•  Information  Referrals 

•  Technical  Inquiries 

PARTICIPATION  PLANS  AND  CHARGES 

Under  the  GACIAC  contract,  user  service  charges 
are  required  to  offset  the  costs  incurred.  To  ease 
the  administration  of  such  arrangements,  industrial 
user  participation  plans  have  been  developed  to 
offer  GACIAC  products  and  senrices  on  a  package 
basis.  These  plans,  together  with  methods  of  pay¬ 
ment,  are  described  in  the  paragraphs  following. 

The  services  and  products  of  GACIAC  are  available 
to  government/military  users  through  funding  ar¬ 


rangements  made  with  various  Services/ Agencies.  If 
you  are  a  government/military  employee,  and  you 
desire  to  participate  in  GACIAC,  send  your  request 
on  official  stationery  to: 

GACIAC,  I  IT  Research  Institute 
lowest  35th  Street 
Chicago,  Illinois  60616 

Induttrial  Participation  Pian  -  $300  Laval.  The 
minimum  sen/ice  charge  category  is  $300  per  year. 
This  includes  four  man-hours  of  GACIAC  profes¬ 
sional  staff  time  for  the  three  types  of  services 
described  previously,  i.e„  bibliographic  inquiries, 
information  referrals,  and  technical  inquiries.  Prod¬ 
ucts  included  with  this  package  are  unclassified 
Critical  Reviews  and  Technology  Assessments,  Pro¬ 
ceedings,  Handbooks  and  Data  Books,  and  State-of- 
the-Art  Reviews.  This  subscription  level  does  not 
include  classified  documents  of  any  type. 

indurtnal  Participation  Plan  -  $500  Laval.  This 
service  charge  category  includes  the  same  level  of 
professional  man-hour  effort  in  the  performance 
of  GACIAC  senrices.  However,  it  includes  one  copy 
each  of  all  the  product  types  listed  in  this  pamphlet  - 
including  classified  documents  (providing,  of  course, 
that  they  are  not  restricted  to  government  only,  and 
that  proper  need-to-know  and  facility  clearances 
are  verified). 

The  GACIAC  contacts  for  all  subscription  informa¬ 
tion  are: 

Mr.  Charles  Smoots  •  (312)  567-4519 
Mrs.  Emily  Swietek  -  (312)  567-4544 
GACIAC,  NT  Research  Institute 
lowest  35th  Street 
Chicago,  Illinois  60616 
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ABSTRACTS  FROM 
THE  CURRENT  LITERATURE 

Copies  of  articles  abstracted  in  the  DIGEST  are  not  available  from  the  SVIC  or  the  Vibration  Institute  (except 
those  generated  by  either  organization).  Inquiries  should  be  directed  to  library  resources.  Government  reports  can 
be  obtained  from  the  National  Technical  Information  Service,  Springfield,  VA  22151 ,  by  citing  the  AD-,  PB-,  or 
N-  number.  Doctoral  dissertations  are  available  from  University  Microfilms  (DM),  313  N.  Fir  St.,  Ann  Arbor,  Ml; 
U.S.  Patents  from  the  Commissioner  of  Patents,  Washington,  D.C.  20231.  Addresses  following  the  authors' 
names  in  the  citation  refer  only  to  the  first  author.  The  list  of  periodicals  scanned  by  this  journal  is  printed  in 
issues  1,6,  and  12. 


MECHANICAL  SYSTEMS  ...  .40 


Rotating  Machines . 40 

Power  T  ransmission 

Systems . 42 

STRUCTURAl  SYSTEMS  .  .  .43 

Bridges . 43 

Buildings . 43 

Towers . 44 

Foundations . 44 

Underground  Structures .  .  .44 

Harbors  and  Dams . 45 

Pressure  Vessels . 46 

Power  Plants . 46 

Off-shore  Structures . 47 

VEHICLE  SYSTEMS . 47 

Ground  Vehicles . 47 

Ships . 48 

Aircraft . 48 

Missiles  and  Spacecraft ....  52 

BIOLOGICAL  SYSTEMS . S3 

Human . 53 


MECHANICAL  COMPONENTS.  54 

Absorbers  and  Isolators  .  .  .54 
Tires  and  Wheels . 56 


ABSTRACT  CONTENTS 


Blades . 56 

Bearings . 56 

Gears . 57 

Couplings . 58 

Fasteners . 59 

Linkages . 59 

Seals . 59 

STRUCTURAL  COMPONENTS.  59 

Strings  and  Ropes . 59 

Cables . 60 

Bars  and  Rods . 60 

Beams . 60 

Cylinders . 61 

Columns . 62 

Panels . 62 

Plates . 62 

Shells . 63 

Rings . 66 

Pipes  and  Tubes . 67 

Ducts . 67 

Building  Components . 68 


ELECTRIC  COMPONENTS  ...68 


Motors . 68 

DYNAMIC  ENVIRONMENT. .  .69 

Acoustic  Excitation . 69 

Shock  Excitation . 71 

Vibration  Excitation . 72 


MECHANICAL  PROPERTIES. .  74 

Damping . 74 

Fatigue . 74 

Elasticity  and  Plasticity  .  .  .75 

EXPERIMENTATION . 75 

Measurement  and 

Analysis.  .  .  ., . 75 

Dynamic  Tests . 78 

Scaling  and  Modeling . 78 

Diagnostics . 79 

Balancing . 79 

Monitoring . 80 

ANALYSIS  AND  DESIGN  ...  .82 

Analogs  and  Analog 

Computation . 82 

Analytical  Methods . 82 

Modeling  Techniques . 86 

Nonlinear  Analysis . 86 

Numerical  Methods . 86 

Parameter  Identification.  .  .87 
Mobility/Impedance 

Methods . 88 

Optimization  Techniques  .  .68 

Design  Techniques . 68 

Computer  Programs . 88 

GENERAL  TOPICS . 88 

Conference  Proceedings  .  .  .88 
Tutorials  and  Reviews  ...  .89 

Bibliographies . . 90 

Useful  Applications . 92 


89 


k 


V- 


MECHANICAL  SYSTEMS 


ROTATING  MACHINES 

(Also  see  Nos.  1685,1738,1739,1740,1741, 
1742,  1749, 1784) 


81-1575 

NonsUtionary  Vibration  during  Acceleration  through 
Two  Critical  Speeds  (without  Damping) 

S.  Yanabe 

Technological  Univ,  Nagaoka,  Aza  Nagamine  1603-1, 
Kamitomioka-Machi,  Nagaoka-Shi,  Niigata-Ken,  Bull. 
JSME,  24  (188),  pp  405-412  (Feb  1981)  5  figs,  3 
tables,  4  refs 

Key  Words:  Shafts  (machine  elements).  Critical  speedi 

The  nonstationary  vibration  of  a  rotating  shaft  which  passes 
through  two  critical  speeds  succassivaly  under  conditions  of 
uniform  acceleration  is  theoretically  analyzed  by  both 
exact  and  approximate  methods  for  the  vibration,  neglecting 
the  damping  force.  Formulae  for  evaluating  the  maximum 
amplitudes  and  the  rotational  speeds  of  the  nonstationary 
response  are  derived,  and  the  evaluated  values  are  compared 
with  those  obtained  from  the  exact  solution. 


81-1576 

ExperimenUl  Analyaia  and  Methods  to  Deteimine  the 
Dynamic  Behavior  of  Propulsion  Shafting  Systems 

L.J.  Wevers 

Instituut  TNO  voor  Werktuigkundige  Constructies, 
Delft,  The  Netherlands,  Vibration  Tech.,  NedAkoes- 
tisch  Genootschap,  pp  13-35  (Jan  1980) 

N81-15401 

(In  Dutch;  English  summary) 

Kay  Words:  Shafts  (machine  elements).  Propellers,  Marine 
propellers.  Lateral  vibration 

The  dynamic  bending  properties  of  propeller  shafts  were 
Investigated.  Measurements  were  taken  at  a  full  size  imora- 
tory  facility  and  onboard  ships.  Tha  aim  of  the  measurements 
wet  to  verify  the  results  of  a  numerical  calculation  method 
with  a  finite  element  program  developed  to  face  lateral 
vibration  problems  in  an  early  stage  of  tha  design  of  e  ship’s 
propulsion  system. 


81-1577 

Traiumiaaioii  Matrix  Method  for  Calculation  of 
Forced  Attenuated  Bending  Vibrationa  (Ubertra- 
gungmativenverfahren  zur  Berechnung  erzwungener, 
gedampfter  Biegeachwingungen) 

H.  Sollmann 

Technische  Universitat  Dresden,  Germany,  Maschin- 
enbautei'hnik,  (2),  pp  70-74  (Feb  1981)  4  figs, 
1  table,  6  refs 
(In  German) 

Key  Words:  Transmission  matrix  methods.  Flexural  vibra¬ 
tion,  Rotors,  Bearings 

This  work  concerns  a  trentmittion  matrix  method  used  for 
calculation  of  forced  attenuated  bending  vibrations.  Matrices 
are  prepared  by  using  complex  notation.  Internal  attenua¬ 
tions  as  well  as  discrete  and  continuously  distributed  outer 
attenuations  are  considered.  Transmission  matrices  and 
boundary  conditions  are  described  and  such  problems  as 
inner  bearings  of  high  stiffness,  different  exciting  possi¬ 
bilities  as  well  as  specialities  at  transition  to  rotating  systems 
are  studied. 


81-1578 

VAWTDYN  -  A  Numerical  Package  for  the  Dynamic 
Analyria  of  Vertical  Axia  Wind  Tuihinea 

D.W.  Lobitz  and  W.N.  Sullivan 

Sandia  Lab.,  Albuquerque,  NM,  ASME  Paper  No. 

8O-WA/S0I-I8 

Key  Words:  Wind  turbines.  Rotors,  Computer  programs 

This  paper  describes  a  package  developed  for  tha  dynamic 
analysis  of  the  Darrieus  vertical  axis  wind  turbine.  The 
model  on  which  the  package  it  based  includes  the  m^or 
rotor  elastic  degrees  of  freedom,  gyroscopic  affects,  and 
structural  damping. 


81-1579 

Inatabilitiec  in  Tuibomachineiy 

J.M.  Vance 

Mech.  Engrg.  Dept.,  Texas  A&M  Univ.,  College 
Station,  TX,  Proc.,  Machinery  Vibration  Monitoring 
and  Analysis  Seminar  and  Meeting,  New  Orleans, 
LA,  April  7-9,  1981,  pp  107-1 13, 8  figs,  22  refs 

Key  Words:  Turbomachinery,  Stability,  Design  techniques. 
Computer-aided  techniques 
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Rotoidynimic  initibllity.iiencounttrad  in  turbomtchinery, 
it  defined  in  both  prectical  end  mathemetical  tarmi.  The 
known  ceueei  of  inttebility  ere  deicribed,  and  reported 
cetei  of  coitly  initabilitiee  In  the  field  are  referenced.  The 
two  maior  cleeiificetioni  of  rotordynamic  initabiilty  are 
deicribed,  end  the  mathemetical  baiii  for  computer  ilmula- 
tioni  of  eech  It  explained.  Deiign  modificationi  which  have 
been  used  to  luppreu  initabilitiai  in  turbomachinery  are 
deKribed,  end  mejor  limitetioni  of  the  present  itate-of-the- 
ert  ere  pointed  out. 


81-1580 

High  Bypaaa  Turbofan  Component  Development. 
Modification  II 

G.  Armstrong,  J.  Palladino,  and  L.  Zirin 

General  Electric  Co.,  West  Lynn,  MA,  Rept.  No. 

AFWAL-TR-80-2032.93  pp  (March  1980) 

AD-A093  156/8 

Key  Words:  Shefts  (mechine  elements),  Turbofeni,  Fans, 
Dynamic  tests 

The  assembly,  instrumentetlon,  and  test  of  a  fan  shaft 
dynamics  simulation  vehicle  is  reported.  Testing  included 
low  speed  mechenical  checkout,  followed  by  operetlon  up 
to  45,000  RPM  using  high  speed  model  belancing,  ei  re¬ 
quired.  The  procedure  was  repeated  for  two  sets  of  beering 
support  itiffneM  values.  Balence  sensitivity  of  the  rotor 
system  was  investigated  by  creating  various  amounts  of 
unbalance  in  the  fen  disk,  the  turbine  disk,  and  the  shaft, 
and  recording  the  vibratory  response  up  to  45,000  RPM. 
Finally,  a  ten-hour  endurance  test  was  conducted,  completing 
the  requirements  of  the  contract. 


81-1581 

Ray  Theory  to  Predict  the  Propagation  of  Broadband 
Fan  Noise 

A.  Kempton 

Rolls-Royce  Ltd.,  Derby,  England,  Rept.  No.  PNR- 
90030, 9  pp  (1980) 

N8M4794 

Kay  Words:  Fens,  Fan  noise.  Noise  propagation 

The  feasibility  of  using  a  ray  theory  approach  to  predict 
the  propagation,  attenuation  and  radiation  of  high  frequency 
engine  intake  noise  is  illustrated.  Good  agreement  is  demon¬ 
strated  between  ray  theory  and  mode  theory  predictions  for 
the  broadband  noise  radiated  in  the  absence  of  flow  from 
short  cylindrical  ducts  and  from  ducts  of  slowly  varying 


cross  sectional  area.  The  two  prediction  schemas  are  alto 
in  broad  agreement  concerning  the  variation  with  wall 
impedance  of  the  SPL  insertion  loss.  Several  Important 
conclusions  are  drawn  concerning  the  radiation  of  broad¬ 
band  noise  from  cylindrical  inlets,  from  inlets  of  varying 
cross  sectional  area,  and  from  scarfed  inlets  (for  which  no 
modal  solution  is  available). 


81-1582 

Rotordynamica  Analyau  for  the  HPFTP  (High  Prea- 
fure  Fuel  Turbopump)  of  the  SSME  (Space  Shuttle 
Main  Engine).  SSME  Tuibopump  Technology  Im- 
provcmenta  via  Transient  Rotordynamica  Analyau 
Final  Report 
D.W.  Childs 

Louisville  Univ.,  Louisville,  KY,  NASA-CR-161620, 
63  pp  (July  1980) 

N81-15017 

Key  Words:  Pumps,  Seals,  Rotors,  Spacecraft,  Space  shuttles, 
Beerings,  Oemping  coefficients.  Stiffness  coefficients 

The  results  of  both  linear  (stability  and  synchronous  re- 
sponu)  and  trensiant  nonlinear  analyus  are  reported.  Dy- 
nemic  coefficients  were  developed  for  the  HPFTP  inter¬ 
stage  uals,  and  introduced  into  the  rotordynamic  modal. 
The  influence  on  HPFTP  rotordynamlcs  of  a  change  In 
interstage  seals  from  the  anooth  stepped  design  to  a  smooth 
straight  configuration  was  axamlnad.  Tha  wnsitlvity  of  the 
stability  and  synchronous  results  to  changes  in  bearing 
stiffnesses  and  damping  was  determined.  The  Influence 
on  rotordynamic  stability  of  a  change  from  the  stiff  sym¬ 
metric  bearing  carrier  design  to  an  asymmetric  bearing 
carrier  configuration  was  alto  studied. 


81-1583 

Rotor  Model  for  Verification  of  Computation  Meth¬ 
ods  (Rotoiroodell  Zur  Verifixiening  Von  Rechen- 
verfahren) 

J.H.  Argyris,  W.  Aicher,  F.  Karl,  W.  Kuemmerle, 
and  M.  Mueller 

Stuttgart  Univ.,  Inst,  fuer  Statik  und  Dynamik,  W. 
Germany,  ISD-262, 58  pp  (1979) 

N81-15467 

(In  German;  English  summary) 

Key  Words:  Windmills,  Rotary  wings.  Modal  tests 

In  order  to  prove  tha  quality  of  Idealization  and  tha  validity 
of  computation  for  windmills,  a  driven  model  of  a  windmill 
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with  a  7.4  m  diwnettr  rotor  wm  conitructad.  Naw  data 
acquisition  and  data  tranmniMlon  lyatami  with  16  channtli 
and  digitization  in  the  rotating  tyitam  wara  davalopad  and 
tatted.  Tht  dynamic  raiponia  of  tha  rotor  bladat  to  the 
cyclic  loading  of  gravity  wai  takan  to  compara  maaiure- 
menu  and  computations.  For  the  measurements  and  evalu¬ 
ation  which  were  performed  by  a  maaturamant  system  and 
a  computer,  the  necessary  software  was  built. 


81-1584 

Full  Scale  Wind  Tunnel  Investigation  of  a  Bearin^eas 
Main  Helicopter  Rotor 

Boeing  Vertol  Co.,  Philadelphia,  PA,  Rept.  No. 
NASA-CR- 152373;  0210-11659-1,  60a  pp  (Oct 
1980) 

N81-11014 

Key  Words:  Helicopteri,  Rotors,  Wind  tunnel  tests.  Stiffness, 
Damping 

A  stability  test  program  was  conducted  to  datarmina  the 
effects  of  airspeed,  collective  pitch,  rotor  spaed  and  shaft 
angla  on  stability  and  loads  at  speeds  beyond  that  attained 
in  the  BMR/BO-106  flight  test  program.  Loads  and  perfor¬ 
mance  data  were  gathered  at  fonward  speeds  up  to  166 
knots.  The  effect  of  cyclic  pitch  perturbations  on  rotor 
response  was  investlgatad  at  simulated  level  flight  condi¬ 
tions.  Two  configuration  variations  ware  tested  for  their 
effect  on  stability.  One  variable  was  the  control  system 
stiffness.  Tha  second  variation  was  the  addition  of  elasto¬ 
meric  damper  strips  to  increase  tha  structural  damping, 
tha  BMR  was  stable  at  all  conditions  tested.  At  fixed  col¬ 
lective  pitch,  shaft  angla  and  rotor  speed,  damping  generally 
increased  between  hover  and  60  knots,  remained  relatively 
constant  from  60  to  90  knots,  then  decreased  above  90 
knots.  Analytical  predictions  arc  in  good  agreement  with 
test  data  up  to  90  knots,  but  tha  trend  of  decreasing  damp¬ 
ing  above  90  knots  Is  contrary  to  the  theory. 


81-1585 

Wiud  Tunnel  Evaluation  of  Aeroelaatkally  Confonn- 
able  Roton 

R.H.  Blackwell,  R.J.  Murrill,  W.T.  Yeager,  Jr.,  and 
P.H.  Mirick 

Sikorsky  Aircraft  Division,  United  Technologies 
Corp.,  J.  Amer.  Helicopter  Soc.,  2§_  (2),  pp  31-39 
(April  1981)  17  figs,  1  table,  4  refs 

Kay  Words:  Helicopters,  Rotors,  Rotary  wings.  Wind  tunnel 
tasting 


The  concept  of  controlling  blade  dynamic  twist  to  reduce 
rotor  system  loads  and  improve  aerodynamic  efficiency 
was  investigated  through  wind  tunnel  testing  and  analysis. 
Blade  design  features  which  promote  favorable  dynamic 
twist  ware  saiacted  based  on  aaroaiastic  analysis.  Two  9-ft 
diameter  modal  rotors  which  permitted  parametric  Investi¬ 
gation  of  blade  torsional  stiffneu,  tip  sweep  and  camber 
wars  fabricated  and  subjectad  to  fonrvard  flight  tatting.  The 
azimuthal  variation  of  dynamic  twist  was  determlnad  based 
on  measured  twisting  moments.  Results  tliowed  that  relative 
to  a  conventional  stlffnass  blade,  20  tp  40-percent  reductions 
In  vibratory  flatwise  and  torsional  moments  and  10-parcent 
reductions  in  powar  were  achieved  at  an  advance  ratio  of 
0.3  by  configurations  which  produced  noteup  elastic  twist 
on  tha  advancing  blade.  Hub  vibration  was  alto  reduced  by 
blades  which  reduced  advancing  blade  total  twist. 


81-1586 

Tranaonk  Rotor  Noiae:  Theoretical  and  Experimental 
Compaiiaona 

F.H.  Schmitz  and  Y.H.  Yu 

NASA  Ames  Res.  Ctr.,  Moffett  Field,  CA,  Rept.  No. 
NASA-TM-81236,31  pp  (Nov  1980) 

N8M1012 

Key  Words:  Rotors,  Noise  generation 

Two  complamantary  methods  of  describing  tha  high  spaed 
rotor  noise  problem  are  discussed.  The  first  method  uses  the 
second  order  transonic  potential  aquation  to  define  and 
characterize  tha  nature  of  the  aerodynamic  and  acoustic 
fields  and  to  explain  tha  appearance  of  radiating  shock  waves. 
The  second  employs  the  Ffowes  Williams  and  Hawkings 
aquation  to  succewfully  calculate  tha  acoustic  far  field. 
Good  agreement  between  theoretical  and  experimental 
waveforms  is  shown  for  transonic  hover  tip  Mach  numbers 
from  06  to  09. 


POWER  TRANSMISSION  SYSTEMS 


81-1587 

Bond  Graph  Modelling  of  Power  '** — fi—irdm  by 
Torque  Converting  Mechanima 

J.S.  Siecki 

Dept,  of  Mech.  Engrg.,  Monash  Univ.,  Clayton, 
Victoria,  Australia  3168,  J.  Franklin  Inst.,  311  (2), 
pp  93-1 10  (1981)  9  figs,  2  tables,  1 1  refs 

Key  Words:  Power  transmission  systems.  Mechanical  drIvH, 
Bond  graph  tachnlqua 
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Kinematically  conitrained  motion  it  generally  acceptad  at 
a  fundamental  raquirement  for  a  machanitm  to  function  at 
a  power  trantmitting  device.  There  exittt,  however,  a  clatt 
of  machanitm  which  although  kinematically  unconttrained, 
can,  by  incorporation  of  energy  ttorage  elamentt,  function 
at  a  power  trantmitter.  Thit  paper  concentratei  on  the 
formulation  of  a  general  bond  graph  modal  for  tha  mecha- 
nitm.  The  model  pottettet  mixed  cautality  and  nonlinear 
ttructure.  Some  reiultt  of  digital  timulation  of  tha  bond 
graph  model  of  a  particular  machanitm  are  provided. 


STRUCTURAL  SYSTEMS 


BRIDGES 


8M588 

Prediction  of  Impact  Factor  for  Military  Bridges 

V.J.  Virchis 

Inst,  of  Sound  Vib.  Res.,  Southampton  Univ.,  UK, 
Rept.  No.  ISVR-TR-107, 1 12  pp  (Dec  1979) 

PB8 1-130379 

Key  Wordt:  Bridget,  Moving  loads.  Beams,  Variable  cross 
taction 

A  numerical  ttudy  hat  been  conducted  on  the  dynamic 
response  of  nonuniform  bridges  tubjMtad  to  the  pattage  of 
heavy,  multi-axle  vehicles.  For  practical  purpotat,  short 
span  military  bridges  are  made  from  lightweight  compo¬ 
nents.  At  a  consequence,  tha  vehicle  to  bridge  weight  ratios 
encountered  in  this  ttudy  have  been  as  high  at  eight  to  one. 
Tha  dynamic  model  it  represented  as  a  simply  supported 
beam,  with  variable  cross-taction,  being  traversed  by  a  multi- 
degree  of  freedom,  spring-mast  system  with  viscous  damping. 
The  mathematical  model  uses  the  method  of  normal  modes 
to  solve  the  equation  of  motion  for  the  beam  response.  The 
model  was  designed  to  account  for  entry  ar>d  exit  step  condi¬ 
tions  to  the  bridge,  initial  dynamic  conditions,  aa  wall  at  for 
tha  lots  of  wheal  contact  with  tha  bridge  surface.  The  perfor¬ 
mance  of  tha  computer  model  in  calculating  tha  dynamic 
retponta  has  bean  successfully  demonstrated  by  the  presen¬ 
tation  of  model  results  with  strain  records  obtained  from 
field  trials. 


BUILDINGS 


81-1589 

Wind  Induced  Toraionil  Loads  on  Stractures 


A.  Kareem 

Dept,  of  Civil  Engrg.,  Univ.  of  Houston,  TX,  Engrg. 
Struc.,  2.  (2),  pp  85-86  (April  1981)  1  fig,  4  refs 

Kay  Words;  Buildings,  Wind-inducad  axcitatlon.  Torsional 
axcitation 

In  thit  report  an  outline  for  the  development  of  torsional 
loads  on  a  rectangular  cross-taction  building  has  baen  pre¬ 
sented  in  frequency  domain.  Through  the  use  of  tha  spatio- 
temporal  charactaristict  of  pressure  fluctuations  tTMSsurad 
on  a  scale  modal  in  a  wind  tunnel,  exprettiont  for  the  tor¬ 
sional  forcing  function  ara  davaloped  bated  on  numerical 
Integration. 


81-1590 

A  Replacement  for  the  SRSS  Method  in  Seianic 
Analyiia 

E.L.  Wilson 

Dept,  of  I'  /il  Engrg.,  Univ.  of  California,  Berkeley, 
CA,  Inti.  J.  Earthquake  Engrg.  Struc.  Dynamics, 
9  (2),  pp  187-192  (March-April  1981)  4  figs,  1  table, 
8  refs 

Key  Words:  Seismic  analytit.  Buildings,  Root  mean  squaras. 
Complete  quadratic  combination  method 

It  it  wall-known  that  tha  application  of  tha  Squara-Root-of- 
Sum-of-Squaret  (SRSS)  method  in  seismic  analytit  for  com¬ 
bining  modal  maxima  can  causa  significant  errors.  Navanha- 
less,  this  method  continues  to  be  used  by  tha  profession  for 
significant  buildings.  The  purpose  of  this  note  is  to  present 
an  Improved  technique  to  be  used  In  place  of  the  SR8S 
method  in  seismic  analysis.  A  Complets  Quadratic  Combina¬ 
tion  (CQC)  method  it  proposed  which  reduces  errors  in 
modal  combination  in  all  axampist  studied.  Tha  CQC  method 
dsganorates  into  tha  SRSS  method  for  systams  with  wall- 
tpacad  natural  frequanciet.  Since  the  CQC  method  only 
involves  a  small  incrsaaa  in  numaricel  effort,  It  It  recom¬ 
mended  that  the  new  approach  be  utsd  at  a  replacamsnt 
for  tha  SRSS  method  in  all  rstponte  qiactrum  calculations. 


81-1591 

Sewnk  Damage  Eatknatioa  for  Low-  and  Mid*Riae 
Buiidiiifa  in  Japan 

C.  Scawthorn 

School  of  Civil  Engrg.,  Kyoto  Univ.,  Kyoto,  Japan, 
Inti.  J.  Earthquake  Engrg.  Struc.  Dynamics,  9  (2), 


43 


pp  93-115  (March-April  1981)  16  figs,  5  tables, 
33  refs 

Key  Wordi:  Bulldingi,  Earthquake  damme 

While  much  effort  hae  been  tpent  on  analytit  of  individual 
etructurai,  building  cleu  leitmic  damage  eitimatort,  of 
value  in  dlMitar  planning,  codawriting,  city  planning,  na¬ 
tional  hazards  policy  formulation,  etc.,  have  bean  little 
investigated.  Based  largely  on  data  from  Sandal  City,  Japan 
in  the  12  June,  1B7B  Miyagikan-oki  earthquake  (M^*  7-4), 
estimators  of  seismic  damage  for  low-  and  mid-rise  buildings 
in  urban  Japan  have  bean  determined.  The  affects  of  struc¬ 
tural  changes  on  expected  damage  are  estimated.  With 
these  two  building  class  damage  estimators,  a  large  part  of 
future  seismic  damage  to  urban  Japan  can  bo  estimated, 
at  well  at  the  effects  of  various  mitigation  measures. 


TOWERS 


8M592 

Control  and  Dynamka  Study  for  the  Satellite  Power 
Syatem.  Volume  1;  MPTS/SPS  Collector  Dynamic 
Analyaia  and  Surface  Defonnation 

S.J.  Wang 

Jet  Propulsion  Lab.,  Pasadena,  CA,  JPL-PUB-80-77- 
V-1,  Rept.  No.  NASA-CR-163826,  113  pp  (Sept 
1980) 

N8 1-14395 

Key  Words;  Antennas,  Vibration  analysis 

The  basic  dynamic  properties  and  performance  characterlstict 
of  the  microwave  power  transmission  satellite  antenna  wore 
analyzed  in  an  effort  to  develop  criteria,  requirements,  and 
constraints  for  the  control  and  structure  design.  The  vibra¬ 
tional  properties,  the  surface  deformation,  and  the  corre¬ 
sponding  scan  loss  under  the  influence  of  disturbances  are 
considered. 


81-1593 

Meaaurementa  of  Wind  and  Defonnation  on  a  High 
Radio  Tower.  Part  1:  Introduction  (Wind-  und 
Verfoimunganeaaungen  an  einem  Funktunn.  Teil  1: 
Einfiihrang) 

W.  Neuerburg 

Fachhochschule  1.  Technik  Esslingen,  Kanalstr.  33, 
D-7300  Esslingen,  Fed.  Rep.  Germany,  Techn  Mes- 


sen,  ^  (3),  pp  101-106  (March  1981)  10  figs,  2 
tables,  5  refs 
(In  German) 

Key  Words:  Towers,  Wind-Induced  excitation,  Vibration 
maasurament 

The  wind  loadings  on  a  high  tower  structure  and  the  co¬ 
herent  effects  of  static  and  dynamic  responNS  were  studied 
by  means  of  a  versatile  maasurament  equipment.  Thereby 
wind  pressures  against  the  tower  wall,  the  deformation  and 
oscillation  of  the  structure  and  the  free-streaming  wind  ware 
measured  with  reference  to  the  time. 


FOUNDATIONS 

(See  No.  1785) 


UNDERGROUND  STRUCTURES 


81-1594 

Eaithqfuake  Responae  Characteriatka  of  Jointed  and 
Continuoua  Buried  Lifelinea 

J.P.  Wright  and  S.  Takada 

Weidlinger  Associates,  NY,  Rept.  No.  NSF/RA- 
800210,  18  pp  (Jan  198f )  (Presented  at  the  World 
Conference  on  Earthquake  Engineering,  7th,  Istanbul, 
September  1980) 

PB81-120016 

Key  Words:  Underground  structures.  Lifeline  systems.  Earth¬ 
quake  response.  Harmonic  response 

Dynamic  response  curves  of  displacement  versus  frequency 
arc  calculatad  for  the  problem  of  forced  harmonic  response 
of  jointed  cylindrical  structurM  In  a  homogeneous  linearly 
elastic  medium  of  infinite  extent.  Consistent  with  experi¬ 
mental  observations,  the  results  of  a  parametric  study  show 
that,  for  frequenclH  in  the  earthquake  range,  dynamic 
affects  can  be  neglected  for  jointed  or  continuous  buried 
pipelines  made  of  concrete,  cast  Iron,  or  stsel,  and  having 
commonly  used  sizes.  An  exhaustiva  paramatric  study  waa 
not  attempted  because  of  the  number  of  parameters  In  the 
model.  An  attempt  was  made  to  use  parameters  that  would 
accentuate  dynamic  effects.  From  the  present  studies  it  Is 
conjectured  that  resonant  behavior  cannot  occur  in  typical 
buried  pipelines  for  frequencies  in  the  earthquake  range  so 
long  as  tha  pipe  materiais  are  stiffar  than  the  surrounding 
soil  and  tha  joints  are  reasonably  small  relative  to  tha  length 
of  the  pipe  segments. 
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HARBORS  AND  DAMS 


81-1595 

Hydrodynamic  Preiwre  on  Arch  Dam«  •  By  a  Map¬ 
ping  Finite  Element  Method 

B.  Nath 

Dept,  nf  Civil  Engrg.,  Queen  Mary  College,  Univ.  of 
London,  London,  England,  Inti.  J.  Earthquake 
Engrg.  Struc.  Dynamics,  £  (2),  pp  117-131  (March- 
April  1981)  13  figs,  25  refs 

Key  Wordt:  Oami,  Hydrodynamic  excitation.  Seismic  re- 
iponie.  Finite  element  technique 

A  novel  finite  element  method  it  proposed  for  the  analysis 
of  the  uncoupled  hydrodynamic  pressures  generated  on 
arch  dams  due  to  •  steady-state  ground  acceleration.  In  this 
method  the  equation  governing  hydrodynamic  prestures  and 
also  the  prescribed  boundary  conditions  are  ell  transformed 
from  the  Cartesian  space  to  a  logarithmically  condansad 
cylindrical  polar  space:  in  this  process  the  physical  configura¬ 
tion  of  the  resenroir-dam  it  alto  mapped  into  an  ‘irntge*  do¬ 
main.  The  transformed  governing  equation  it  than  solved  in 
the  image  domain,  subject  to  tha  transformed  boundary 
conditions,  using  standard  finite  elements.  Because  physical 
dimensions  are  logarithmically  condensed  in  tha  image 
space,  the  proposed  method  it  particularly  auitabla  for 
dealing  with  large  or  very  large  aspect-ratio  raservoir'dam 
systems,  economically  and  efficiently.  The  high  degree  of 
accuracy  which  the  proposed  method  it  capable  of,  and 
also  the  simple  way  In  which  It  can  be  applied  to  complex 
reservoir-dam  shapes,  have  been  demonstrated  by  meant  of 
examples.  Tha  method  has  alto  been  applied  to  study  the 
uncoupled  hydrodynamic  prestu.et  on  the  upstream  face 
of  a  cylindrical  arch  dam,  generated  by  a  steady -state  vertical 
ground  acceleration. 


81-1596 

Full-Scale  Experimental  Inveatigation  of  a  Modem 
Earth  Dam 

A.M.  Abdel-Ghaffar,  R.F.  Scott,  and  M.J.  Craig 
Earthquake  Engrg.  Res.  Lab.,  California  Inst,  of 
Tech.,  Pasadena,  CA,  Rept.  No.  EERL-80-02, 204  pp 
(Feb  1980) 

PBS  1-123788 

Key  Woidt;  Dams,  Experimental  test  data.  Earthquake  re¬ 
sponse,  Prediction  techniques 

Extensive  investigation  of  a  modern  aerth  dam'a  behavior 
during  relatively  intense  shaking  is  reported.  The  study 


utilized  records  on  full-scale  dynamic  tests  recovered  from 
tha  Santa  Felicia  Dam  In  Southern  California.  These  records 
provided  Information  on  the  dynamic  characteristics  of  the 
dam  which  was  instrumented  with  motion  sensors.  The 
project  gathered  experimental  data  used  for  tasting  and 
developing  various  analytical  and  numerical  methods  for 
computing  the  natural  frequencies  and  mode  shapes  of  dams 
and,  particularly,  for  predicting  earthquake  response.  Data 
on  tha  dam's  responses  indicate  the  following:  analytkel 
or  finite  models  are  needed  to  represent  tha  prototype 
realistically  in  vertical  and  longitudinal  directions  and  to 
Include  coupling  of  these  directional  motions:  mors  than 
two  sets  of  strong-motion  instruments  should  be  deployed 
on  and  in  the  vicinity  of  the  structure  to  obtain  reliable 
information  on  a  dam's  three-dimensional  behavior  during 
an  earthquake.  Suggestions  are  made  for  tha  appropriate 
location  of  Instruments. 


81-1597 

Dynamic  Reaponae  of  Simple  Arch  Dama  Including 
Hydrodynamic  Interaction 

C.S.  Porter  and  A.K.  Chopra 
Earthquake  Engrg.  Res.  Ctr.,  California  Univ.,  Berke¬ 
ley,  CA,  Rept.  No.  UCB/EERC-80/17,  287  pp  (July 
1980) 

PBS  1-124000 

Kay  Words;  Dams,  Substructuring  methods,  Hydrodynemic 
excitation 

The  substructure  method  is  adapted  and  generalized  for 
response  analysis  of  arch  dams  subjected  to  upstream-down¬ 
stream,  cross-stream  and  vertical  components  of  ground 
motion.  The  arch  dam  is  assumed  to  be  e  segment  of  a 
circular  cylinder,  bounded  by  vertical,  radial  banks  of  the 
river  valley  enclosing  a  central  angla  of  90  degrees.  The  arch 
dam  and  impounded  water  are  treated  at  two  substructures 
of  the  total  system  and  displacamants  of  tha  dam  are  repre¬ 
sented  es  a  linear  combination  of  the  first  few  natural  modes 
of  vibration  of  the  dam  alone.  For  this  simple  geometry  of 
the  arch  dam  and  fluid  domain,  mathematical  solutions 
of  the  wave  aquation  are  presented  to  determine  the  hydro¬ 
dynamic  terms  in  the  finite  element  equations  for  the  dam. 


81-1598 

Vibrationa  and  Resonance  in  Hydraulic  Syatama 

W.  Zielke 

Technische  Universitaet,  Hanover,  W.  Germany, 
Unsteady  One  Dimensional  Flows  in  Complex  Net¬ 
works  and  Pressurized  Vessels,  Von  Karman  Inst, 
for  Fluid  Dyn.,  26  pp  (1980) 

N8 1-15257 
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Kty  Wordt:  Hydraulic  lyitcmi,  Vibration  analyiit,  Linaar 
thaoriet,  Nonlinaarthaoriai 

Variouf  typat  and  cauiai  of  vibratloni  in  hydraulic  lyttamt 
ara  raviawad  and  tha  partintnt  mathodi  of  analyiii  outlinad. 
Limitations  of  tha  linaar  variui  tha  nonlinaar  analyiii  and  of 
tha  datarmlnlitic  varsui  tha  stochastic  analysis  ara  pointad 
out.  Typical  raiulti  of  a  rsionanca  study  of  a  pumpad  storage 
lyitam  are  given. 


PRESSURE  VESSELS 


8M599 

Acoustic  Emission  for  Quality  Control  of  Kevlar  40 
Filament-Wound  Composites 

M.A.  Hamstad  • 

Materials  Test  and  Evaluation  Section,  California 
Univ.,  Livermore,  CA,  Rept.  No.  UCRL-83783i 
CONF-801010-1,  15  pp  (Jan  1980)  (Presented  at 
the  12th  Natl.  Soc.  for  the  Advan.  of  Mater,  and 
Process  Eng.  Tech.  Conf.,  Seattle,  Oct  7-9,  1980) 
N8M1125 

Key  Words:  Praisura  vassals.  Acoustic  amission 

The  relationship  of  production  varidblas  to  changes  in  proof- 
tast-genarated  acoustic  emission  from  NASA  type  filament 
wound  pressure  vassals  was  studied.  Some  of  tha  deliberate 
manufacturing  errors  ware  matrix  content,  cure  cycia,  matrix 
component  ratios,  dagradad  fiber,  moisture  content,  and 
winding  tension.  The  1t  cm  diamater  spherical  pressure 
vessels  were  made  by  filament  winding  Kaviar  49/epoxy  on 
aluminum  mandrels.  After  proof  tatting,  the  vessels  were 
burst  tasted.  Certain  production  variables  resulted  in  signifi¬ 
cant  changes  in  acoustic  emission  amplitude  and  associated 
stress  level. 


POWER  PLANTS 

(Also  see  Nos.  1678,1679) 


81-1600 

Designing  Against  Low-Cycle  Fatigue  at  Elevated 
Temperature 

S.  Majumdar 

M|terials  Sci.  Div.,  Argonne  Natl.  Lab.,  Argonne,  IL 


Nucl.  Engrg.  Des.,  63  (1),  pp  121-135  (Jan  1981) 
1 1  figs,  2  tables,  22  refs 

Kay  Words:  Fatigua  life.  Nuclear  reactor  components 

Factors  that  ara  important  in  determining  low-cycle  fatigue 
damage  at  elevated  temperature  are  discussed.  Tha  linear 
damage  mla  for  computing  creep-fatigue  damage  is  shown 
to  be  unsatisfactory  in  many  situations.  The  damage-rate 
equations  developad  earlier  have  been  generalized  to  Include 
multiaxial  creep-fatigue  under  complicated  loading  histories. 
Available  craap-fatigua  data  under  combined  axial-torsion 
loading  can  be  explained  in  a  consistent  manner  by  the 
damage-rate  approKh. 


81-1601 

Seismic  Analyaia  of  ZPR-6  Reactor  Facility 

H.U.  Ahmed  and  D.  Ma 

Des.  Engrg.  Analysis,  Engrg.  Div.,  Argonne  National 
Lab.,  Argonne,  IL  60439,  Nucl.  Engrg.  Des.,  63  (1). 
pp  157-166  (Jan  1981)  9  figs,  14  refs 

Key  Wordt:  Nuclear  reactors.  Seismic  analysis 

A  safe  shutdown  earthquake  analysis  of  ZPR  6  Reactor 
Facility  (Zero  Power  Reactor)  was  conducted  through 
seismic  risk  analysis,  soil-structure  interaction  analysis, 
reactor  building  dynamic  time  history  analysis  and  equip¬ 
ment  response  spectnim  analysis  due  to  an  assumed  El 
Centro  earthquake.  Several  ASME,  AISC  and  ANSI  design 
codes  were  used  to  demonstrate  the  adequacy  of  this  facility 
artd  to  design  several  equipment  and  piping  supports. 


81-1602 

Homogenked  Equatioiu  of  Motion  for  Rod  Bundles 
in  Fluid  with  Periodic  Stracture 

U.  Schumann 

Kernforschungszentrum  Karlsruhe,  Institut  f.  Reak- 
torentwicklung,  Postfach  3640,  D-7500  Karlsruhe, 
Fed.  Rep.  Germany,  Ingenieur-Archiv,  50  (3),  pp 
203-216  (1981)  7  figs,  16  refs 

Key  Words:  Interaction:  structure-fluid.  Nuclear  reactor 
components.  Rods,  Fluid-induced  excitation 

‘‘Homogenized"  or  averaged  equations  of  motion  are  de¬ 
duced  for  linear  dynamic  fluid-structure  Interactions  of  rod 
bundles  immersed  in  an  acoustical  fluid.  Tha  equations 
define  an  effective  density  tensor  which  couples  the  fluid 
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•nd  rod  accelerationt.  In  the  prtwura  wave  aquation  a  sound 
speed  tensor  arises.  The  theory  assumes  that  the  bundle 
consists  of  a  periodic  lattice  of  cells  with  diameters  which 
are  very  small  in  comparison  to  the  bundle  diamater  and 
that  cell  averages  are  smooth  functions  in  space  and  time. 
The  derivation  It  bated  on  Hamilton's  principle.  For  the 
specific  case  of  circular  cylindrical  rods  in  a  square  pattern 
the  tensors  are  given  numerically  and  the  fluid-structure 
interaction  effects  are  ditcuttad. 


OFF-SHORE  STRUCTURES 


81-1603 

Fatigue  Fracture  Mechanics  Analysis  of  Offshore 
Structures 

W.D.  Dover 

Dept,  of  Mech.  Engrg.,  Univ.  College  London,  Tor- 
rington  Place,  London  WC1E  7JE,  England,  Inti.  J. 
Fatigue,  ^  (2),  pp  52-60  (April  1981)  17  figs,  2 
tables,  17  refs 

Key  Words:  Offshore  structures.  Fracture  properties,  Fatigue 
life 

An  assettment  of  a  fatigue  fracture  mechanics  procedure  for 
fatigue  life  estimation  of  welded  joints  In  offshore  structures 
resulting  from  studies  of  variable  amplitude  loading,  stress 
analysis  and  crack  growth  measurement  in  T-joints  is  pre¬ 
sented. 


81-1604 

Laboratory  Teate  for  Dynamic  Ice-Structure  inter¬ 
action 

M.  Maattanen 

Dept,  of  Mech.  Engrg,,  Univ.  of  Oulu,  90570  Oulu 
57,  Finland,  Engrg.  Struc..  ^(2),  pp  111-116  (April 
1981)  4  figs,  5  refs 

Key  Words:  interaction:  ice-structure.  Off-shore  structures. 
Laboratory  test  data.  Scaling 

The  CRREL  test  basin  is  able  to  simulate  dynamic  ice-struc¬ 
ture  interaction  with  scale  model  tests  which  cover  the  whole 
range  of  structures  that  are  considered  here.  For  bottom- 
founded  structure  simulation,  a  test  pile  was  designed  so  that 
its  stiffneu,  natural  frequencies  and  modes  and  damping 
could  be  varied.  The  ice  movement  against  the  pile  was 
arranged  to  have  constant  Kceleration  in  order  to  axcita 


different  modes  with  differing  Ice  velocities.  Tha  flexibility 
of  the  drive  system  caused  jerky  lea  movamants  with  low 
velocities.  Analysis  of  tha  recorded  Ice  forces  and  accelera¬ 
tion  include  the  rafinement  at  measured  ice  forces  by  elimi¬ 
nating  the  response  of  the  measuring  system  Itself  using  tha 
dynamic  equilibrium  or  transfer  function  approach.  Tha 
frequencies  and  tha  damping  of  vibrations  ware  analyzed 
using  a  Fourier  signal  analyzer.  Scaling  laws  are  discussed 
and  it  is  noted  that  full  simllituda  cannot  be  achieved  for 
both  Ice  interaction  force  and  pile  and  ica  vibrations. 


VEHICLE  SYSTEMS 


GROUND  VEHfCLES 

(Also  see  Nos.  1632,1634) 


81-1605 

Development  of  Compliance  Teat  for  Truck  Rear 
Undeiride  Protection.  Volume  11  •  Technical  Report 

R.  Baezynski  and  S.  Davis 

Dynamic  Science,  Inc.,  Phoenix,  AZ,  Rept.  No. 
8319-80-020A/1607,  DOT-HS-805-592,  405  pp  (Aug 
1980) 

PB81-136111 

Key  Words:  Collision  research  (automotive),  Dynamic 
tests.  Trucks,  Trailers,  Articulated  vehicles.  Guard  rails 

The  objective  of  this  program  was  to  davelop  static  and 
dynamic  compliance  test  procedures  for  truck/trailer  rear 
underride  protection.  A  static  test  facility  and  dynamic  test 
device  along  with  appropriate  compliance  test  procedures 
were  developed  to  test  and  evaluate  rigid  and  anergy-ab- 
sorbing  velocityeensitive  underride  guards.  A  truck  body 
simulator  was  also  developed  to  effectively  model  the  rear 
of  truck/trailer  bodies  for  mounting  of  selected  guards 
during  testing.  The  dynamic  test  device  it  an  energy-absorb¬ 
ing  honeycomb-faced  bogey  vehicia  which  simulates  the 
front  load/deflection  charactaristict  of  a  typical  currant 
large  car.  The  report  summarizes  the  highlights  of  the  tests 
of  current  small  and  large  car-to«urrent  production  guards, 
ten  car-to-rigid  guard  tests  to  determine  tha  affects  of  spaed, 
guard  height,  car  size,  and  Impact  mode  on  undarride  and 
occupant  response,  and  two  tests  of  a  production  antigy- 
absorbing  guard.  Bated  on  the  results  of  the  crash  titts 
and  engineering  analytes,  recommendations  are  prasantad 
for  underride  guard  requiramantt  and  compllattca  test  pro¬ 
cedures. 
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81-1606 

Dynamic  and  Static  Evaluation  of  the  Impact  Stiff- 
neaa  of  Track  Driver-Cabina  (Dynamiaehe  und  ata- 
tiache  Unterauchunf  der  Kolliaiona-Feati|^eit  von 
Laatknftwagen-FahreihMuaem) 

H.  Burger 

Allensteinstrasse  4,  330  Braunschweig,  ATZ,  83  (3), 
pp  12M24  (March  1981)  5  figs,  1  ref 
(In  German) 

Key  Words:  Trucks,  Collision  research  (automotive).  Regula¬ 
tions 

The  ECE  regulation  No.  29  and  the  Swedish  legislation  re¬ 
quire  proof  of  adequate  cabin  stiffness  by  pendulum  impact. 
By  testing  with  a  pendulum  rig  it  was  establishad  that  the 
kinetic  energy  will  only  partially  be  converted  into  deforma¬ 
tion.  The  demonstration  of  the  survival  space  introduces 
some  problems.  In  introducing  comparable  deformation 
to  the  driver  cabin,  static  loads  will  be  essentially  smaller 
in  comparison  with  pendulum  impact  forces  to  achieve 
similar  deformation.  Test  results  from  dynamic  and  static 
impact  were  compared. 


81-1607 

Modal  Analyaa  Technique  for  Acouttic  Problem 
Solution 

R.  Snoeys,  P.  VanHonacker,  and  P.  Sas 
Instituut  TNO  voor  Werktuigkundige  Constructies, 
Delft,  The  Netherlands,  AfdelingWerkplaatstechniek, 
Vibration  Tech.,  Ned.  Akoestisch  Genootschap, 
pp  1-12  (Jan  1980) 

N81-15400 

(In  Dutch;  English  Summary) 

Key  Words:  Modal  analysis.  Motor  vehicles.  Vibration  con¬ 
trol,  Noise  reduction 

Structural  vibration  and  noise  measurements  are  related  to 
several  modashapes,  yielding  a  visual  indication  for  the  place 
and  the  type  of  the  desired  structural  modification  in  order 
to  reduce  or  eliminate  the  vibration  noisa  problem.  Soma 
case  studies  from  the  automotive  industries  are  presented, 
illustrating  the  effectiveness  of  the  modal  anatysis  technique 
in  locating  and  solving  noisa  as  well  as  mechanical  vibration 
problems. 

SHIPS 

81-1608 

Compo|ient  Mode  Syntheaa  in  Compact  Foim  and  Ita 
Application  to  Ship  Vibration 


R.E.  Sandstrom 

Univ.  of  Michigan,  Ph.D.  Thesis,  77  pp  (1980) 

UM  8106220 

Key  Words:  Ship  vibration.  Component  mode  synthesis 

This  work  presents  a  new  condansad  version  of  tha  compo¬ 
nent  mode  equations  for  tha  efficient  solution  of  large 
structural  vibration  problems  where  tha  structural  system 
is  divided  into  many  substructure  units.  New  solution  tech¬ 
niques,  required  for  the  solution  of  the  component  mode 
aquations  in  compact  form,  are  described.  Tha  application 
of  the  new  compact  prucadura  in  ship  vibration  analysis 
is  demonstrated.  The  advantages  of  tha  proposed  compact 
form  of  component  mode  synthesis  over  the  standard  solu¬ 
tion  procedures  are  also  demonstrated.  Tha  condensed  com¬ 
ponent  mode  equations  yield  matrices  of  greatly  reduced 
order  without  any  significant  sacrifice  In  physical  or  numer¬ 
ical  accuracy.  Hence,  both  computer  storage  raquiremants 
and  computational  effort  are  reduced  significantly. 


81-1609 

Tme-Domain  Method  for  Computing  Fotcet  ud 
Momenta  Acting  on  Three  Dimenaional  Surface- 
Piercing  Ship  HuUa  with  Forward  Speed 

R.B.  Chapman 

Science  Applications,  Inc.,  LaJolla,  CA,  Rept.  No. 
SAI-462-80-560-U,  40  pp  (Sept  1980) 

AD-A092  475/3 

Key  Words:  Ship  hulls,  Tima  domain  method 

A  time-domain  simulation  method  for  computing  forces 
and  moments  acting  on  an  arbitrary  surfaca-piarclng  thraa- 
dimensional  ship  hull  is  presented.  Arbitrary  motions  can  be 
prescribed  and  are  assumed  to  be  sufficiantly  small  so  that 
the  linearized  method  it  valid.  Forward  spaed  affects  are 
included  under  the  assumption  that  the  disturbance  gener¬ 
ated  by  fonward  motion  it  alto  small  and  interactions  with 
the  flow  generated  by  tha  pratcribad  motions  are  of  aacond 
order.  The  hull  It  reprasantad  by  a  sat  of  quadrilateral  surface 
panels  in  a  body-fixed  system,  while  tha  free  aurfKS  it  rapre- 
tented  by  its  spectral  coordinatas  In  a  u>eca-fixad  rectangular 
system.  Small  time  steps  are  used  to  advance  tha  flow. 


AIRCRAFT 

(Alto  see  Not.  1 584, 158S,  1629, 1630,  1631,1633,1635, 
1646, 1662, 1746, 1761 . 1793, 1794) 

81-1610 

AaseauDMit  of  Ground  Effocti  on  the  Propagation  of 
Aircraft  Noise:  The  T-38A  Flight  Experiment 

W.L.  Wilshire,  Jr. 
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NASA  Langley  Research  Ctr.,  Hampton,  VA,  Rept. 
No.  NASA-TP-1747,  L-13765,  128  pp  (Dec  1980) 
N8M4788 

Key  Wordi:  Aircraft  nolM,  Sound  propigation 

A  flight  exparimcnt  wm  conducted  to  inveitigite  air  to 
ground  propagation  of  tound  at  gazing  anglei  of  incldanca.  A 
turbojet  powered  airplane  was  flown  at  altltudae  ranging 
from  10  to  160  m  over  a  20^icrophona  array  poeitloned 
over  grate  and  concrete.  The  dependence  of  ground  effectt 
on  frequency,  incidence  angle,  end  ilant  range  wae  deter¬ 
mined  uiing  two  analyiit  methods.  Theoreticel  predictione 
were  found  to  be  in  good  agreement  with  the  major  detallt 
of  the  measured  results. 


8M611 

Prediction  of  Sound  Radiated  from  Different  Practi¬ 
cal  Jet  Engine  fnleta 

B.  Zinn  and  W.  Meyer 

Georgia  Inst.  Tech.,  School  of  Aerospace  Engrg., 
Atlanta,  GA,  Rept.  No.  NASA-CR- 163824  ,  41  pp 
(1980) 

N81-14789 

Key  Words:  Jet  engines,  Sound  wares.  Computer  programs 

Existing  computer  codes  for  calculating  the  far  field  radi¬ 
ation  patterns  surrounding  various  practical  jet  engine  inlet 
configurations  under  different  excitation  conditions  were 
upgraded.  The  computer  codes  were  refined  and  expanded 
so  that  they  are  now  more  efficient  computetlonally  by  a 
factor  of  about  three  and  they  era  now  capable  of  producing 
accurate  results  up  to  nondimenslonal  wave  numbers  of 
twenty.  Compter  programs  were  also  developed  to  help 
generate  accurate  geometricel  representations  of  the  inlets 
to  be  investigated.  This  data  it  required  as  input  for  the 
computer  programs  which  calculate  the  tound  fields.  This 
new  geometry  generating  computer  program  contldarabiy 
reduces  the  time  required  to  generate  the  input  data  which 
was  one  of  the  most  time  consuming  steps  In  the  process. 
The  results  of  sample  runs  using  the  NASA-Lewit  QCSEE 
inlet  are  presented  and  comparison  of  run  timet  and  accuracy 
are  made  between  the  old  and  upgraded  computer  codes. 
The  overall  accuracy  of  the  computations  it  determined 
by  comparison  of  the  results  of  the  computations  with 
simple  source  solutions. 


81-1612 

Noiae  Prediction  for  Jetstar  Prop-Fan  Teat 

F.  Farassat,  R.M.  Martin,  and  G.C.  Greene 


NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rept.  No. 
NASA-TM-81916, 292  pp  (Dec  1980) 

N81-14790 

Kay  Words:  Aircraft  noise.  Noise  prediction 

The  acoustic  caiculatlont  reported  in  this  memorandum  are 
for  two  model  prop-fan  designs  (SR-2  and  SR-3  blades) 
scheduled  for  test  on  top  of  Jetstar  aircraft.  The  predicted 
acoustic  pressure  slgnatuias  and  spectra  for  eelactad  micro¬ 
phone  positions  on  the  fuselage  and  operating  conditions  are 
presented.  A  detailed  presentation  of  the  Input  data,  the 
acoustic  results,  and  the  corrections  for  microphone  fuselage 
reflection  are  included.  The  general  trend  observed  in  these 
calculations  is  that  the  acoustically  optimized  model  (using 
SR-3  blades)  is  substantially  quieter  than  the  modal  with 
SR-2  blades.  This  latter  dnign  hat  conventional  straight 
blades. 


81-1613 

Noiae  Characteriitics  of  Two  ParaUel  Jets  with 
Unes]ual  Flow 

B.N.  Shivashankara  and  W.V.  Bhat 

Boeing  Commercial  Airplane  Co.,  Seattle,  WA,  Al AA 

J.,  19  (4),  pp  442448  (April  1981)  16  figs,  8  refs 

Key  Words:  Jet  noise.  Aircraft  noise.  Noise  reduction.  Noise 
shielding 

Many  jet  noise  suppression  devices  employ  tubes,  lobes,  and 
similar  devices  to  break  up  the  flow.  To  understand  the 
suppression  mechanisms  of  these  devices,  a  twoparallaHat 
model  experiment  was  conducted.  The  thraa^iimoneional 
noise  field  was  mapped  for  the  case  whan  one  jet  waa  at  a 
velocity  of  549  m/t  and  a  total  temperature  of  638°C  (jet  1) 
arid  the  other  wet  at  351  m/t  and  93°C  (Jet  2).  Mean  flow 
profiles  ware  alto  obtained  at  three  axial  stations. 


81-1614 

Two-Dimeiutonal  Anilyticai  Motiel  of  Twin  Jet 
Shielding  t 

C.H.  Gerhold 

Texas  A&M  Univ.,  College  Station,  TX  77843,  J. 
Acoust.  Soc.  Amer.,  ^  (4),  pp  904-908  (April 
1981)  6  figs,  6  refs 

Key  Words:  Aircraft  noise.  Noise  reduction.  Noise  shielding 

Estimation  of  the  impact  of  jet  noise  raqulree  analytical 
modeling  not  only  of  the  noiea  source  mechanism,  but  also 
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of  tht  propagation  of  noiaa  from  wurct  to  rtcaivar.  Ona 
factor  which  infiuancot  tha  jat  noiia  path  it  ihiaiding  of  ona 
iat  by  anothar  in  a  twin  jat  configuration,  An  analytical 
modal  if  devalopad  to  Invaitigata  tha  ihiaiding  phanorrtanon. 
Tha  two-dimaniional  wava  aquation  li  lolvad  for  a  itationary 
llna  aourca  impinging  upon  a  cylindar  of  haatad  flow.  Tha 
•olution  aitimatai  tha  diffraction  and  icattaring  of  tha 
incidant  sound  wave  by  tha  ihiaiding  jat  in  a  plana  normal 
to  tha  jat  axil.  Tha  fraquancy  dapandanca  of  tha  normalliad 
sound  praisura  astimatad  by  tha  modal  ii  found  to  agraa  In 
form  with  empirical  data.  Tha  azimuthal  radiitribution  of 
the  incidant  lound  ihowi  that,  ai  tha  fraquancy  of  maximum 
shielding  is  approached,  tha  icattarid  lound  bacomai  more 
highly  concentrated  Into  lobai  adjacent  to  tha  shielding  zone. 


81-1615 

Inatallation  Effecta  on  Propeller  Noiae 

H.K.  Tanna,  R.H.  Burrin,  and  H.E.  Plumblee,  Jr. 
Lockheed-Georgia  Co.,  Marietta,  GA,  J.  Aircraft, 
18  (4),  pp  303-309  (April  1981)  18  figs,  5  refs 

Kay  Words;  Propallar  noise.  Aircraft  noise 

Thu  installation  affacts  on  propallar  noise  and  propallar  wake 
flow  in  flight  have  baan  examined  axparlmantally  by  oper¬ 
ating  a  modal-scala  propeller  in  the  Lockheed  anachok  opan- 
jat  wind  tunnel.  In  particular,  two  aspects  of  propallar  oper¬ 
ation  in  a  real  situation  have  baan  quantified.  These  are:  tha 
affects  of  nonzero  angle  of  attack  or  propallar  inflow  angle 
relative  to  tha  flight  path,  and  tha  propallar  inflow  distortion 
due  to  tha  upwash  generated  by  tna  presence  of  wing  and 
flap  behind  tha  propallar.  Tha  results  show  that  not  only 
are  these  installation  effects  vary  important,  but  they  are 
predictad  inadequately  using  existing  methods. 


81-1616 

Characteristics  of  Propeller  Noise  on  an  Aircraft 
Fuselage 

C.K.  Barton  and  J.S.  Mixson 
NASA  Langley  Res,  Ctr.,  Hampton,  VA,  J.  Aircraft, 
li  (13),  pp  200-205  (Mar  1981)  15  figs,  5  tables, 
1 3  refs 

Kay  Words:  Aircraft  noise,  Propallar  noise.  Noise  maasure- 
mant 

Exterior  noise  was  measured  on  tha  fusalaga  of  a  twin-angina, 
light  aircraft  at  four  valuas  of  angina  rpm  In  ground  static 
tests  and  at  fonward  spaadt  up  to  36  m/s  In  taxi  tests.  Pro¬ 
peller  noise  lavtis,  spectra,  and  correlations  ware  determined 


using  a  horizontal  array  of  savan  flush-mounted  mlcro- 
phonat  and  a  vertical  array  of  four  flush-mounted  micro¬ 
phones  in  tha  propallar  plana.  The  measured  levels  ar>d 
spectra  era  'jmparad  with  predictions  based  on  empirical 
and  analytical  methods  for  static  and  taxi  conditions.  Trace 
velocities  obtained  from  point-to-point  corraiatlons  are 
used  to  describe  tha  propagating  and  rotating  charactarlstict 
of  the  propailar  noise  field  on  tha  fuselage. 


81-1617 

Current  Developments  in  Aircraft  Fatigue  Evaluation 
Procethirea 

0.  Buxaum  and  D.  Schutz 

Laboratorium  fuer  Betriebsfestigkeit,  Darmstadt, 
Fed.  Rep.  Germany,  Rept.  No.  AAAF-NT-79-33, 
ISBN-2-7170-0581-1,  34  pp  (1979)  (Presented  at 
14th  Inti.  AAAF  Aeron.  Congr.  on  New  Develop, 
in  Struct,  and  Mater.,  Paris,  June  6-8, 1979) 

N8 1-1 2464 

Kay  Words:  Aircraft,  Fatigua  Ufa 

Current  developments  in  tha  field  of  aircraft  fatigua  evalu¬ 
ation  are  reviewed  including  the  description  of  loads  for 
fatigua  evaluation,  tha  damage  tolerance  concept,  concepts 
for  the  prediction  of  fatigua  life,  fatigua  Ufa  improvemant 
during  production,  load  transfer  in  mechanical  joints,  and  tha 
characteristics  of  the  fiber  reinforced  ntaterials.  There  it  not 
yet  a  satisfactory  theory  to  explain  tha  fatigua  mechanism. 
Fatigue  tnting  it  tha  most  Important  tool  in  defining  the 
Ufa  of  aircraft  structures. 


81-1618 

Evaluatioa  of  Bird  Load  Models  for  Dynamic  Analy¬ 
sis  of  Aircraft  Transparencies 

B.  West  and  R.  Brockman 

Dayton  Univ.  Research  Inst.,  Dayton,  OH,  Rept.  No. 
UDR-TR-80-59,  AFWAL-TR-80-3092,  87  pp  (Aug 
1980) 

AD-A092  909/1 

Kay  Words:  Aircraft,  Bird  strikes.  Tatting  techniques.  Experi¬ 
mental  test  data.  Computer  programs 
• 

The  objective  of  the  program  was  to  axperlmantaily  and 
analytically  examine  tha  range  of  appllcabiUty  of  existing 
bird  loading  modalt.  Tha  program  consisted  of  two  primary 
tasks:  tha  design  of  an  axpari-nant  and  tha  collection  of 
experimental  data  for  actual  bir  J  impact  on  a  flexible  target. 
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•nd  the  computetion  of  the  reiponie  to  the  experimental 
Impact  condition!  uiing  the  MAGNA  code  and  exiiting  blid 
loading  modelt. 


81-1619 

Active  Flutter  Suppreaaion  on  an  F-4F  Aircraft  with 
External  Stores  Uaing  Already  Exiatiiif  Control 
Surfaces 

0.  Sensburg,  H.  Hoenlinger,  and  T,  Moll 
Messerschmitt-Boelkow-Blohm  G.m.b.H.,  Munich, 
Fed.  Rep.  Germany,  Rept.  No.  MBB-FE-1 7/S/PUB/ 
24,  9  pp  (March  1980)  (Presented  at  AIAA  21st 
Struct.,  Struct.  Dyn.  and  Mater.  Conf.,  Seattle, 
May  12-14, 1980) 

N81-13972 

Key  Woidi:  Aircraft,  Flutter,  Active  flutter  control 

The  flutter  nippreatlon  system  was  flight  tested  using  classi¬ 
cal  flight  flutter  tests,  open  loop  tests,  and  closed  loop  tests. 
The  control  law  was  found  by  applying  optimal  control 
theory  thus  minimizing  the  control  surface  motion  due  to 
disturbances  and  providing  the  required  stability  margins. 
The  selection  of  the  wing  mounted  store  configuration  it 
described. 


81-1620 

Effects  of  Anfie  of  Attack  and  Ventral  Fin  on  Tran¬ 
sonic  Flutter  Characteristics  of  an  Arrow-Wing  Con¬ 
figuration 

R.V.  Doggett  and  R.A.  Ricketts 

NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rept.  No. 

NASA-TM-81914,  U-141 14, 26  pp  (Dec  1980) 

N81-15397 

Key  Words;  Aircraft  wings.  Flutter,  Aerodynamic  loads. 
Wing  tunnel  tests 

Experimental  transonic  flutter  results  are  presented  for  a 
simplified  1/50  size,  aspect  ratio  1.77,  wind  tunnel  model  of 
an  arrow  wing  design.  Flutter  results  are  presented  for  two 
configurations;  namely,  oi«e  with  arxl  one  without  a  ventral 
fin  mounted  at  the  0.694  semispan  station.  Results  are  pre¬ 
sented  for  both  configurations  trimmed  to  zero  lift  artd  in 
a  lifting  condition  at  angles  of  attack  up  to  4  deg.  The 
results  show  that  the  flutter  chsrscteristict  of  both  con- 
figurations  are  similar  to  those  usually  observed.  Increasing 
angle  of  attack  reduces  the  flutter  dynamic  pressure  by  a 
small  amount  (about  13  percent  maximum)  for  both  con- 
figurations. 


81-1621 

Paaaive  Control  of  Wing/Store  Flutter 

W.  Reed,  F,  Cazier,  Jr.,  and  J.T.  Foughner,  Jr. 

NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rept.  No. 
NASA-TM-81865,  L-14010,  19  pp  (Dec  1980)  (Pre¬ 
sented  at  the  5th  Joint  Tech.  Coordinating  Group 
Aircraft  Stores  Compatibility  Symp.,  St.  Louis, 
Sept  9-11, 1980) 

N8 1-1 3922 

Key  Words:  Aircraft,  Wing  stores.  Flutter,  Vibration  isolation 

Results  are  presented  for  a  passivo  flutter  suppression  ap¬ 
proach  known  as  the  decoupler  pylon.  The  decoupler  pylon 
dynamically  isolates  the  wing  from  store  pitch  Inertia  affects 
by  means  of  soft  sprlng/dampar  elements  assisted  by  a  low 
frequency  feedback  control  system  which  minimizes  static 
pitch  deflections  of  the  store  because  of  maneuvers  and 
changing  flight  conditions. 


81-1622 

Active  Control  of  an  Explosive  Wing-Store  Flutter 

Caae 

H.  Hoenlinger,  0.  Sensburg,  M.  Kuehn,  and  H.  Goedel 
Messerschmitt-Boelkow-Blohm  G.m.b.H.,  Munich, 
Fed.  Rep.  Germany,  Rept.  No.  MBB-FE-17/S/PUB/ 
25,  9  pp  (April  1980)  (Presented  at  50th  Mtg.  Struc, 
and  Mater.  Panel  of  AGARD,  Athens,  April  13-18, 
1980) 

N81-13973 

Key  Words:  Aircraft,  Wing  stores.  Active  flutter  control 

Control  laws  were  calculated,  using  optimal  control  thaory, 
to  suppress  an  explosive  wing  store  flutter  case  on  a  YF-17 
dynamically  scaled  model.  The  trailing  edge  flap  was  used 
for  flutter  suppression  because  usuelly  hydraulically  driven 
ailerons  are  available  in  modem  fighters. 


81-1623 

Effect#  of  NonlinearitiM  on  Wing  Store  Flutter 

G.  Deferrari,  L.  Chesta,  0.  Sensburg,  and  A.  Lotze 
Messerschmitt-Boelkow-Blohm  G.m.b.H.,  Munich, 
Fed.  Rep.  Germany,  Unternehmensbereich  Raum- 
fahrt,  Rept.  No.  MBB-FE-17/S/PUB/27,  16  pp  (April 
1980)  (Presented  at  50th  Mtg.  Struct,  and  Mater. 
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Panel  of  AGAR  D,  Athens,  April  13-18, 1980) 
N81-13974 


MISSILES  AND  SPACECRAFT 

(Also  we  Not.  1666, 1672, 1716) 


»r 


Key  Wordi:  Aircraft,  Wing  ttoret.  Flutter 

The  effects  of  itructurel  nonlineeritiet,  in  perticuler  friction 
and  backlash,  on  the  dynamic  behavior  of  airplanat  can  be 
very  important  for  flutter.  Larger  nonlineeritiet  do  exist  on 
iweepeble  wing  airpienet  with  twaepable  wing  mounted 
stores  because  a  considerable  amount  of  joints  (with  possible 
play)  and  bearings  (with  play  and  friction)  it  nacattary  but 
the  problem  it  alto  present  for  fired  wing  airplanes.  A  major 
problem  it  the  interpretation  of  linear  ground  resonance 
and  flight  flutter  tests  end  their  comparison  with  analytical 
predictions.  Findings  from  ground  resonance  tests  and 
flight  flutter  tests  are  prewntad  end  an  explanation  for  these 
test  results  it  given.  Calculations  with  linear  assumptions 
(parameter  variations)  were  made  and  the  method  of  har¬ 
monic  balance  for  finding  these  parameters  was  applied. 
It  is  shown  certain  levels  of  excitation  mutt  be  reached  in 
order  to  make  flight  flutter  tests  reliable  for  esteblishlng 
flutter  clearance  speeds. 


81-1625 

Fatigue  Properties  of  Shuttle  Theimdl  Protectioii 
Sy  stein 

J.  Sawyer  and  P.  Cooper 

NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rept.  No. 
NASA-TM-ai899, 25  pp  (Nov  1980) 

N81-14346 

Kay  Words:  Shuttles  (spacecraft).  Heat  shields.  Fatigue 
life 

Static  and  cyclic  load  tHts  were  conducted  to  determine 
the  static  and  fatigue  strength  of  the  RIS  tila/SIP  thermal 
protection  system  used  on  the  orbitar  of  the  space  shuttle. 
The  material  systems  investigated  Include  the  dansified  and 
undensified  LI-800  tile  system  on  the  .40  cm  thick  SIP  and 
the  densifiad  and  undensified  LI-2200  tile  system  on  the  .23 
cm  (.080  inch)  thick  SIP.  The  tHts  were  conducted  at  room 
temperature  with  a  fully  reversed  uniform  cyclic  loading  at 
1  Hertz.  Cyclic  loading  causes  a  relatively  large  reduction 
in  the  strew  level  that  each  of  the  SIP/tila  systems  can  with¬ 
stand  for  a  small  number  of  cyciH. 


8M624 

Unsteady  Aerodynsmica  of  an  Aerofoil  at  High  Angie 
of  Incidence  Perfoiming  Various  Linear  OaciUationa 
in  a  Uniform  Stream 

C.  Maresca,  D.J,  Favier,  and  J.M.  Reboot 
Institute  de  Mecanique  des  Fluides,  Marseille,  France, 
J.  Amer.  Helicopter  Soc.,  2§.  (2),  PP  40-45  (April 
1981)  10  figs,  1  table,  8  refs 

Key  Words;  Airfoils,  Rotary  wings.  Helicopters,  Aerodynam¬ 
ic  loads 

During  fonward  flight,  the  flow  past  the  blade  of  a  helicopter 
is  complex  owing  to  three-dimensional  flow  effects  and 
unsteadiness.  One  can  try  to  model  such  a  flowfield  by 
unsteady  2-0  experiments.  Most  of  the  experimental  and 
theoretical  studies  undertaken  on  this  topic  have  tackled 
the  problem  by  investigating  aerofoils  OKlIlating  in  pitch 
in  steady  fiow,  while  little  attention  hat  bean  paid  to  effect 
of  timuitanaout  osciliating  vaiocity  and  oscillating  incidence 
on  stali.  The  aim  of  this  paper  it  to  prewnt  a  new  approach 
to  the  experimental  study  of  a  stalled  rotor  blade  by  Investi¬ 
gating  the  unsteady  aerodynamict  of  an  aerofoil  performing 
linear  oscillations  in  a  uniform  stream.  In  particular,  the 
caw  if  oscillation  with  respect  to  the  undisturbed  flow 
involving  simuitaneoutly  out-of-phaw  incidence  and  velocity 
variations  is  studied. 
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Nonlinear  Dynanic  Response  of  a  Uni-Directional 
Mosiel  for  the  Tile/Pad  Space  Shuttle  Theimal  Pro¬ 
tection  System 

J.  Housner,  H.  Edighoffer,  and  K.  Park 

NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rept.  No. 

NASA-TM-81901 , 44  pp  (Nov  1980) 

N81-14345 

Key  Words:  Shuttles  (spacecraft).  Heat  shields,  P»-!udic 
excitation.  Random  excitation.  Resonant  frequencies 

A  unidirectional  analysis  of  the  nonlinear  dynamic  behavior 
of  the  space  shuttle  tila/pad  thermal  protection  system  It 
developed  and  examined  for  imposed  sinusoidal  and  random 
motions  of  the  shuttle  skin  and/or  applied  tile  pressure.  The 
analysis  accounts  for  the  highly  nonlinear  stiffening  hystere¬ 
sis  and  viscous  behavior  of  the  pad  which  joint  the  tile  to 
the  shuttle  skin.  Where  available,  experimental  data  arc 
used  to  confirm  the  validity  of  the  analysis.  Both  analytical 
and  experimental  studies  reveal  that  the  system  resonant 
frequency  it  very  high  for  low  amplitude  oscillations  but 
dacreasM  rapidly  to  a  minimum  value  with  incraaeing  ampli¬ 
tude. 


52 


81-1627 

Active  Control  of  Dynamica  Tranafer  Functiona  for 
a  Flexible  Spacecraft 

S.C.  Garg 

Toronto  Univ,,  Ontario,  Canada,  Rept.  No.  UTIAS- 
239,  CN-ISSN-0082-5255,  74  pp  (Oct  1979) 
N8M1103 

Key  Wo-di;  Spacecraft,  Active  control,  Tranifar  function* 

Flexible  spacecraft  consisting  of  a  central  rigid  body  and 
flexible  appendages  are  examined.  The  dynamics  of  each 
appendage  are  discussed  with  emphasis  on  introducing  trans¬ 
fer  functions  for  point  excitation  in  translation  and  rotation. 
The  transfer  matrix  for  the  entire  spacecraft  it  derived  and 
details  are  given  for  pitch/twitt  attitude  control  of  Hermes. 
The  expressions  are  found  useful  in  several  respects,  being 
devoid  of  modal  truncation.  A  tchame  it  examlnad  which 
modifies  the  spacecraft  transfer  function  actively  using 
acceleration  feedback.  Numerical  results  are  obtained  for 
Hermes,  and  then  confirmed  from  an  attitude  control  simula¬ 
tion  incorporating  control  nonlinearitlet.  Dynamict  modifi¬ 
cation  under  ground  control  it  alto  examined,  including  time 
delays,  and  an  experiment  of  .nit  type  it  proposed  for 
Hermes. 


81-1628 

Application  of  the  Statistical  Dynamic  Method. 
Study  of  a  Miaaile  Noae-Cone  in  a  Reverberatinf 
Acouatic  Environment 

A.  Bourgine 

Royal  Aircraft  Establishment,  Farnborough,  England, 
RAE-LIB-Trans-1953  (Engl,  transl.  of  "Application 
de  la  methode  dynamique  statistique."  Presented  at 
Conf.,  Paris,  Feb  4,  1976,  18  pp  (June  1980)) 
N81-15013 

Key  Words:  Missiles,  Composite  materials.  Acoustic  exci¬ 
tation,  Random  excitation,  Spectral  energy  distribution 
techniques.  Statistical  analysis 

Theoretical  results  relating  to  the  statistical  dynamic  de¬ 
scription  of  a  structure  art'  discussed.  The  provisional  general 
tchame  for  calculating  the  spectral  distributions  and  overall 
levels  of  the  vibrations  .ncluLud  m  the  structure  by  a  diffused 
type  of  random  acoustic  field  is  presented.  The  results 
obtained  from  a  seriat  of  experiments  carried  out  on  a 
specimen  missile  nosa-cona  made  from  a  composite  material 
are  presented  and  compared  with  those  obtained  by  theoreti¬ 
cal  calculation. 


BIOLOGICAL  SYSTEMS 
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81-1629 

An  Anaiyiia  of  Community  Complanta  to  Air  Force 
Aircraft  Noiae 

J.  M  ,jr  y  and  R.  Carey 

MAN-Acoustics  and  Noise,  Inc.,  Seattle,  WA,  Rept. 
No.  AFAMRL-TR-80-88, 77  pp  (Oct  1980) 

AD-A092  923/2 

Key  Words:  Aircraft  noise.  Human  response 

Community  complaints  to  Air  Force  aircraft  operations  ware 
studied  for  seven  different  Air  Fore*  Bates. 


81-1630 

Aircraft  Annoyance  Evaluation!  Unng  Field  and 
Laboratory  Simulation  Technique* 

G.W.  Johnston  and  A.A.  Haasz 

Inst,  for  Aerospace  Studies,  Toronto  Univ.,  Downs- 

view,  Ontario,  UTIAS-248, 60  pp  (Dec  1980) 

N81-15580 

Key  Words:  Aircraft  noita.  Human  retponta,  Laboratory 
test  data.  Field  test  data 

A  tarlat  of  aircraft  noise  annoyenc*  evaluation  tests  were 
performed  under  controlled  conditions  In  a  laboratory. 
Jurors  drawn  from  nominal  30-35  NEF  zones  were  expoead 
to  aircraft  noita  events  previously  recorded  near  their  homes 
in  the  vicinity  of  the  Toronto  Intemstional  and  Oshawa 
General  Aviation  Airports. 


81-1631 

The  Annoyance  Cauaed  by  Noiae  Around  Aiiporta. 
Final  Report 

NASA,  Washington,  D.C.,  Rept.  No.  NASA-TM- 
75784,  114  pp  (July  1980),  Transl.  into  English 
of  "la  Gene  causee  par  le  Bruit  Autour  des  Aero- 
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ports,"  Centre  Sci.  et  Tech,  du  Batiment,  Paris, 

DGRST/CSTB-63-FR-138 

N8 1-1 5579 

Key  Wordi:  Aircraft  noita,  Human  ratponia 

A  comprahaniive  itudy  of  nolw  around  Miacted  airports  in 
France  was  performed.  By  use  of  questionnaires,  the  degree 
of  annoyance  caused  by  aircraft  noise  was  determined.  Three 
approaches  used  in  the  study  were;  analytical  study  on  the 
influence  of  noise  on  sleep;  sociological  study  on  the  satis¬ 
faction  of  occupants  of  buildings  which  conform  to  laws 
which  are  supposed  to  guarantee  sufficient  comfort;  ar«d 
itstisticsl  study  of  correlations  between  external  noises  and 
psychologicai  and  pathological  disturbances  In  residences. 


81-1632 

Computer  SimuUtioiu  of  Occupant  Reaponaea  in 
Frontal  Craahea  Using  CVS  III 

B.J.  Kelleher  and  M.J.  Walsh 
Calspan  Advanced  Tech.  Ctr.,  Buffalo,  NY,  Rept.  No. 
CALSPAN-6221-V-2,  DOT-HS-805  632,  108  pp 
(Apr  1980) 

PB81- 136095 

Key  Words:  Collision  research  (automotive),  Human  re¬ 
sponse,  Safety  restraint  systems,  Automobile  seat  belts. 
Seat  belts.  Crash  cushions  (safety  restraint  systems).  Com¬ 
puterized  simulation 

Twelve  computer  simulations,  utilizing  the  Calspan  three- 
dimensional  Crash  Victim  Simulator  program,  were  exe¬ 
cuted.  These  computer  simulations  represent  50th  percentile 
occupants,  restrained  with  both  thiee-fiolrit  belt  systems  and 
air  cushion  restraint  systams,  seated  in  both  the  driver  and 
right  front  paseangar  sMsitions  of  a  1975  Volvo,  at  crash 
velocities  of  30, 40  and  46  mph. 


81-1633 

The  Rating  of  Helicopter  Noiae:  Ocirelopinent  of  a 
Propoeed  Impulae  Correction 

B.F.  Berry,  H.C.  Fuller,  A.J.  John,  and  D.W.  Robin¬ 
son 

Acoustics  Unit,  Natl.  Physical  Lab.,  Teddington, 
England,  Rept.  No.  NPL-AC-93,  ISSN-0143-7143, 
45  pp  (Dec  1979) 

N8 1-14792 

Key  Words:  Helicopter  noise.  Human  resi>onse 

Efforts  to  the  scale  of  effactivs  parcehrsd  nolsa  level  (EPNL) 
to  account  for  tha  sufaiactivo  affacta  of  Impulsive  helicoptar 


noise  are  raportad.  Psychoacoustical  studies  of  the  annoyance 
of  recorded  and  simulated  helicopter  noises  are  described 
and  an  obiactiva  descriptor  of  impulsivaneta  Is  developad. 
This  descriptor  forms  tha  basis  of  a  draft  standard  for  an 
impulse  correction  to  EPNL. 


MECHANICAL  COMPONENTS 


ABSORBERS  AND  ISOLATORS 

(Also  see  No.  1704) 


81-1634 

Vibration  Isolation  of  Stochastic  Diatuibed  Sy sterna 
by  Means  of  Optimal  Control  (Schwingungsisolation 
stochastiacb  geath'rter  Systeme  mit  Metkoden  der 
optimalen  Steueiung) 

B.  Heimann,  N.  Model,  and  U.  Koelle 
Akedemie  der  Wissenschaften  der  DDR,  Zentralin- 
stitut  f.  Mathematik  undMechanIk  DDR  125  Erkner, 
Flakenstr.  2B-31,  Mech.  Mach,  Theory,  16  (2),  pp 
115-126(1981)  8  figs,  10  refs 
(In  German) 

Key  Words:  Vibration  isolstion.  Stochastic  processes.  Opti¬ 
mum  control  theory.  Motor  vehicles 

Vibration  isolation  problems  of  stochasticslly  disturbed 
systams  using  optimal  contrel  are  investigatad.  The  deter¬ 
mination  of  the  optimum  control  and  the  faed'back  is 
achieved  by  means  of  Bellman's  functional  aquation.  Using 
statistical  linearization  and  dynamic  programming,  an  Itera¬ 
tion  process  for  the  determination  of  the  control  law  and 
the  system  matrix  it  derived.  The  algorithm  may  be  applied 
in  tha  determination  of  vertical  vibrations  of  rri'^tor  vahiclas 
caused  by  random  street  prefile. 


81-1635 

Floor  sad  Fuel  Vibntioa  laolatioa  Systona  for  the 
Boeiag  Vertol  CommeRial  Chi— ok 

R>\.  Desjardins  and  V.  Sankewitsch 
Boeing  Vertol  Co.,  Philadelphia,  PA,  J.  Amer.  Heli¬ 
copter  Soc.,  26  (2),  pp  25-30  (Apr  1981)  19  figs, 
4  refs 

Key  Words:  Vibration  isolation,  Helicoptars,  Floors,  Fuel 
tanks 
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A  vibnnion  liolatlon  lyttam  ii  In  davilopmant  for  tht  pM- 
Mngar  cabin  and  tha  long-ranga  futi  tanki  of  tht  Boaing 
comnMrcial  Chinook.  Tha  pattangar  floor  ii  iioiatad  from 
tha  airframa  on  a  tariat  of  pattiva  liolatlon  uniti.  Tht  fual 
tanki  art  alio  iioiatad  ao  that  thair  dynamic  man  ii  affac- 
tivaly  nulltd  at  all  fual  lavali,  thartby  avoiding  any  dalata- 
rioui  affact  on  airframa  natural  fraqutncy  placamant.  Analy- 
iti,  componant  taiti,  artd  an  aircraft  ihaka  tait  wart  con- 
ductad  to  varify  tha  affactlvanaai  of  tha  lyitam.  Tha  aircraft 
tait  damonitratad  that  tha  floor  liolatlon  could  lowar  tha 
0.15-g  midcabln  airframa  vibration  to  an  avaraga  of  0.06G 
on  tht  ptawngar  floor.  Tha  fual  iwlation  alio  wai  luccaii- 
ful,  miintiining  an  important  airframe  natural  fraquancy 
within  ±  0.2  Hz  of  Iti  normal  valut  for  any  fual  lavtl  from 
Oto  lOOparcant. 


81-1636 

Wave  Power  Abaorption  Qiaracteriatica  of  a  Rocking 
Body 

H.  Tanaka  and  M.  Saito-o 

Yokohama  Natl.  Univ.,  Tokiwadai  156,  Hodogayaku, 
Yokohama,  Japan,  Bull.  JSME,24  (188),  pp  370-373 
(Feb  1981)  9  figs,  6  refs 

Kay  Wordi:  Energy  abiorption.  Hydrodynamic  excitation 

Tha  power  charactariitici  and  the  efficiency  of  a  wave  power 
tbiorbar,  called  Saltan  Ouck,  coniliting  of  a  rocking  body 
and  a  hydro-itatic  power  convanion  machaniim  li  examined. 
Efficiency  of  tha  wave  power  abiorbtr  dapanrii  both  on  the 
ihapa  of  front  taction  of  tha  body  and  on  tha  load  chartc- 
tariitki  of  tha  power  taking  off  machaniim. 


81-1637 

Biunpen  with  Eneiny-Abaorbing  Semi-Rigrl  Foam 
Material  (Stoaafinger  mit  eneifieabaorbiekTndem 
HalbhartachaumitofO 

E.  Ropte,  E.  Strickle,  and  O.  Volkert 
Blumenmorgen  16a,  4500  Osnabruck,  ATZ,  ^  (3), 
pp  97-100  (Mar  1981)  10  figs 
(In  German) 

Kay  Wordi:  Energy  abiorption,  Bumpan,  Foami 

Tha  energy  of  impact  on  plaatic  bated  bumpan  il  uiually 
abwrbad  by  a  hydraulic  davica.  In  thii  paper,  an  anargy- 
abiorption  lyitain  will  be  daicribad,  which  containi  a  lamF 
rigid  polyurethane  foam.  It  haa  an  ideal  danilty  of  100  g/l. 
Small-icala  impact  axparimanti  yialdad  valuai  for  tha  calcu¬ 


lation  of  bumper  dlmarnloni  which  could  be  diractly  applied 
to  an  automoblla  in  practica.  Tha  meaiurtd  comprttiion 
propartiei  ware  relatively  independent  of  tamparature. 


81-1638 

Squeese-Filin  Bearinga  m  Vibration  laolatora  for 
Unbalanced  Rigid  Rotora 

E.J.  Hahn 

Univ.  of  New  South  Wales,  Kensington,  New  South 
Wales,  Australia  2033,  ASLE  Trans.,  21  (2),  pp  239- 
246  (Apr  1981)  5  figs,  13  refs 

Kay  Wordi:  Baaringi,  Squaaza  film  baaringi.  Roller  baaringi. 
Vibration  iiolaton.  Rigid  roton 

Appropriataly  daiignad  aquaeza-film  dampen  can  act  aa 
axcallant  vibration  iiolatori  for  unbalanced  rigid  roton. 
Thli  paper  praianti  tha  itaady-itata  vibration  amplitude  and 
unbalatKe  tranimiiilbility  data  over  a  wide  range  of  operating 
conditioni  for  both  unloaded  vertical  and  centrally  praloadad 
rigid  roton  mounted  In  either  one  or  two  aquaaza-film- 
tupported  rolling-alamant  baaringi.  Tha  uia  of  thii  data  to 
aniura  affective  vibration  iiolation  conionant  with  ancaptabla 
rotor  vibration!  ii  diicuiiad. 


81-1639 

Dynamic  Analyaa  of  a  Magneticaily  Suapended 
Energy  Storage  Wheel 

L.L.  Bucciarelli  and  A.  Rangarajan 
Lincoln  Lab.,  Mass.  Inst,  of  Tech,,  Lexington,  MA, 
Rept.  No.  DOE/ET-20279/102;  CONF-801022-3,  8 
pp  (1980)  (Presented  at  the  Flywheel  Technol. 
Symp.,  Scottsdale.  AZ,  Oct  26-30, 1980) 

N81-11538 

Kay  Words:  Flywhaali,  Energy  itoraga  lystami,  Magnetic 
baaringi 

Tha  raiulti  of  an  analysis  conducted  in  support  of  tha  design 
of  a  I  kWh  flywheel  fabricated  and  taitad  racantly  at  tha  MIT 
Lincoln  Laboratory  are  praaanted.  Tha  flywheel  was  a  proto¬ 
type  of  a  40  kWh  residential  unit  to  used  to  itora  anargy 
obtained  from  photovoltaic  arrayi.  Tha  I  kWh  lyitrm  was 
daiignad  to  operate  between  7600  and  16,000  rpm.  Tha  fly¬ 
wheel,  made  of  laven  16  inch  digrnetar  iteel  dliki,  weighed 
about  400  pounds,  and  waa  aumendad  vertically  by  a  flexible 
quill  shaft  from  a  wt  of  ilx  magnetic  bearings.  The  magnetic 
baaringi  minimize  frictional  lown  and  require  little  main- 
tenarKa  over  tha  design  life  of  the  iy>t*m. 
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TIRES  AND  WHEELS 

eeNo.  1585) 


Bl.ADES 

(Also  see  Nos.  1727, 1744) 


81-1640 

A  General  Calculation  Method  for  the  Dynamic  Re¬ 
sponse  to  Discrete  Gust  Diatrihutions  as  Exemplified 
by  the  RotorUade  of  a  Wind  Energy  Converter 

D.  Ludwig 

Deutsche  Forschungs-  und  Versuchsanstalt  fuer 
Luft-  und  Raumfahrt  e.V.,  Goettingen,  Fed.  Rep. 
Germany,  Rept.  No.  DFVLR-FB-8C)-12,  63  pp 
(Mar  1980) 

N8M4408 

(In  German;  English  Summary) 


This  paper  amphatiics  the  uh  of  the  critical  mssd  map 
as  s  guide  for  the  selection  of  replacement  bearings  to  elimi¬ 
nate,  or  et  least  minimize,  turbomachlnery  vibration  prob¬ 
lems.  One  of  the  most  important  considerations  in  bearing 
selection  it  the  ratio  of  bearing  stiffness  to  shaft  stlffnest. 
The  rotor  system  dynamict  cannot  be  truly  optimized  with¬ 
out  a  compatible  stiffness  match.  Finally,  it  is  pointed  out 
that  a  wide  range  of  bearing  stiffness  and  damping  charac¬ 
teristics  are  possible,  depending  on  the  perticular  type  and 
geometry.  An  example  is  presented  to  Illustrate  the  effactlva- 
neu  of  bearing  redesign  for  a  high  speed  steam  turbine. 


81-1642 

Methods  for  Computiiig  Stiffness  and  Damping 
Properties  of  Main  Propulsion  Thrast  Bearings 

L.  Vassllopoulos 

Marilech,  Inc.,  Belmont,  MA,  Paper  presented  at  the 
Society  of  Naval  Architects  and  Marine  Engineers, 
New  England  Section  (Feb  24,  1981)  47  figs,  2 
tables,  23  refs 


Key  Words:  Blades,  Rotors,  Windmills,  Wind-induced  excita¬ 
tion 

An  analytical  method  to  calculate  the  dynamic  response  of 
elastic  structure  to  discmce  gust  distributions  it  presented. 
The  formulation  it  bteed  oii  the  assumption  that  the  modal 
parsmetart  of  the  structure  are  known  and  can  be  received 
by  aigenanalytit  or  ground  vibration  test.  No  restriction  it 
made  conce  ling  the  number  of  flapwita  bending  modes 
nor  the  distribution  of  discrete  gusts.  The  generalized  forces 
due  to  excitation  end  due  to  motion  are  approximated  by 
meant  of  the  known  exponential  forms  of  Wagner's  function 
and  Kuuner’t  function  to  get  an  analytkel  solution  in  the 
shortest  possible  computing  time. 


Key  Words;  Tilting  pad  bearings.  Thrust  bearings.  Bearings, 
Stiffneu  coafficiants.  Damping  coefficients.  Finite  alamant 
technique.  Finite  difference  theory 

The  study  of  longitudinal  shaft  vibrations  of  propulsion 
shafting  systems  requires  knowledgs  of  the  thrust  bearirrg 
stiffness  and  damping  properties.  The  paper  presents  a 
step-by-step  engineering  procedure  for  determining  these 
parameters  usirtg  simplified  structural  models  and  elementary 
lubrication  theory,  but  the  utility  of  finite  element  and 
finite  difference  methods  for  more  refined  assessments  it 
else  mentioned.  This  paper  deals  with  Integral  bearings  of 
the  hydrodynamic,  tilting-pad  type. 


BEARINGS 

(Also  see  No.  1638) 


81-1611 

Bjaritig  ReplacetnenU  for  Tutbotnachttiery 

D.J.  Salamone 

Centritecfi  Corp.,  Houston,  TX,  Proc.,  Machinery 
Vibration  Monitoring  and  Analysis  Seminar  and 
Meeting,  New  Orleans,  ^A.  April  7-9,  1981,  pp  57- 
60, 6  figs,  4  refs 

Key  Words:  Basringt,  Turbomachlnery, Stiffness coefficientt. 
Steam  turbines 


81-1643 

Seif-Aligsunesit  Syatenia  for  Heavily  Loasied,  Com¬ 
pliant,  Hydrodynamic  Air  Bearings 

B.  Bhushan 

Mechanical  Tech.  Inc.,  Latham,  NY  12110,  ASLE 
Trans.,  ^  (2),  pp  247-256  (Apr  1981)  15  figs,  1 
table,  3  refs 

Key  Words;  Bearings,  Journal  bearings.  Alignment 

Internal  and  external  self -alignment  systems  for  compliant- 
foil  journal  bearings  have  been  developed  and  tasted  at 
36,000  rpm  in  ambient  air.  These  tyttams  have  been  ehown 
to  substantiaily  improve  the  self-alignment  capabilities  of 
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th«  compliant-foil  baaringi.  Tha  itandard  baaringi  with 
centtr-aplit  bump  have  a  mlMlignad  capacity  of  0.07  dagraei 
at  55  kPa  and  0.03  dagraei  at  83  kPa. 


81-1644 

Theory  and  Application  of  Multipocket  Beaiingi  for 
Opthniun  Tuiitorotor  Stability 

J.C.  Nicholas  and  R.G,  Kirk 
Ingersoll-Rand  Co.,  Phillipsburg,  NJ  08865,  ASLE 
Trans.,  24  (2),  pp  269-2  ^5  (Apr  1981)  10  figs,  2 
tables,  17  refs 

Key  Wordi:  Baaringi,  Multipockat  baaringi.  Rotating  itruc- 
turai.  Vibration  reduction,  Subiynchronoui  vibration 

Rotating  machinery  in  the  procaii  induitriei  and  pipelina 
application!  are  many  timai  daiigned  with  fixed-iobe-type 
bearing  inierti.  Thii  paper  lummariiai  a  method  of  analyiii 
which  hai  bean  computer  automated  to  allow  tha  analyiii 
and  deiign  optimization  of  multipocket  baaringi  for  applica¬ 
tion  in  turbomachlnary.  Tha  general  itability  characteriitici 
of  multipocket  bearing  deiigni  are  compared  to  plain  axial 
groove  and  multilobe  baaringi  for  ipacific  examplei.  The 
analyiii  permitted  tha  rapid  daiign  of  a  modified  multipockat 
bearing  which  wii  luccaiiful  in  tuppraeiing  a  high-amplitude 
Hibiynchronoui  vibration  In  two  leparate  gai  expander! 
under  field  operating  conditioni. 


81-1645 

The  Inclination  of  Cracking  in  the  Peeling  Failure  of 
a  Ball  Bearing  Steel  and  Ita  Relation  to  the  Inclina¬ 
tion  of  the  Principal  Reaidual  Streaa 

K,  Maeda,  N.  Tsushima,  and  H.  Muro 
NTN  Toyo  Bearing  Co.,  Ltd.,  511  Kuwana,  Japan, 
Wear,  _65  (2),  pp  175-190  (Dec  1980)  17  figs,  2 
tables,  7  refs 

Key  Woidi:  Baaringi,  Ball  baaringi.  Fatigue  life,  CrMk 
propagation 

Peeling  ii  a  mode  of  lurface  fatigue  failure  which  ii  produced 
by  rolling  contKt  under  ipecific  conditioni.  X-ray  meamre- 
mentt  of  the  raiidual  itreii  on  a  peeled  lurface  uiing  the 
0  -  45  method  revealed  that  the  itreii  valuai  in  tha  rolling 
direction  and  in  tha  direction  oppoiita  to  rolling  were  dif¬ 
ferent.  The  inclination  of  cracking  ii  explained  by  tha  raildu- 
al  teniiia  itreii  acting  parpandlcularly  to  tha  principal  reiidu- 
al  compmiive  itreai. 


8M646 

The  SikorAy  Elaatomeric  Rotor 

R.  Rybicki 

Sikorsky  Aircraft,  Stratford,  CT,  J.  Amer.  Helicopter 
Soc.,^  (1),  pp  9-18  (Jan  1981)  22  figs,  3  tables, 
2  refs 

Key  Wordi:  Baaringi,  Elaitomeric  baaringi,  Roton,  Hali- 
coptan 

Tha  hlitorical  davalopmant  of  elaitomeric  rotor  technology 
at  Sikonky  from  1660  to  1980  ii  praNntad.  Thli  technol¬ 
ogy  hai  permittad  the  development  of  leveral  different  rotor 
concept!  employed  on  tha  H-B3,  BLACKHAWK,  SEAHAWK, 
and  S-76  helicopten  which  are  dlKUMad  in  detail.  Deiign  and 
analytic  methodology  uied  to  lupport  thaia  programi  ii 
deicribed.  Tatting  and  lubitantiation  philoiophy  and  meth¬ 
odology  are  alto  covered  and  lome  miitakei  to  avoid  are 
highlighted.  Problemi  encountered  during  the  deiign,  devel¬ 
opment,  and  lubitantiation  of  than  lyitemi  are  outlined  at 
well  ai  tha  lolutioni  which  ware  lucceufully  employed. 
Elaitomaric  bearing  manufacturing  and  quality  control 
problemi  encountered  are  explained  and  guidellnai  for 
avoiding  thaie  problemi  are  aitabliihed. 


GEARS 


81-1647 

Evaluation  of  Balancing  Syitema  in  Planetary  Gears 
by  Meana  of  Dynamic  Force  Coefficienta  (Bewertung 
der  Auagleichaiysteme  in  Planetengetiieben  mit 
dynamiachen  Kraftbeiwerten) 

M.  Kos 

Maschinenbau-FakultSt  Ljubljana,  Yugoslavia,  Kon- 
struktion,  ^  (3),  pp  91-96  (Mar  1981)  9  figs,  1 
table,  7  refs 
(In  German) 

Key  Wordi:  Geari,  Mechanical  drivai 

In  the  daicription  of  balancing  forcai  In  planetary  drivai  the 
dynamic  coefficienti  contain  dimanilonlaii  ratloi  of  tha 
drivai,  which  eliminate  maun  and  accalaratloni  cauiad  by 
defecti.  Tha  dynamic  force  coefficienti  enable  tha  analyiii 
of  tha  affect  of  the  paramaten  and  thui  to  datarmlna  tha 
excitation  of  tha  itructura.  Five  balancing  lyitami  are 
evaluated  and  the  reiulti  are  confirmad  axparlmantaliy. 


81-1648 

Analyaa  of  Vibration  of  Bevel  Gears 

S.  Kiyono,  Y.  Fujii,  and  Y.  Suzuki 
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Faculty  of  Engrg.,  Tohoku  Univ.,  Aza-Aoba,  Sendai, 
Japan,  Bull,  JSME,  24  (188),  pp  441-446  (Feb  1981) 
6  figs,  8  refs 

Kty  Wordi:  Geiri,  Btv«l  g*ar$ 

Equation  of  motion  for  fraa  vibrations  of  a  pair  of  gaart  is 
darivad  in  a  ganaral  form.  A  vibration  systam  of  two-dagraas- 
of-fraadom  which  raprasants  tha  fundamantal  charactaristict 
of  baval  gaari  is  constructad  mathamatically.  It  is  found  from 
tha  analysis  of  tha  systam  that  tha  fundamantal  charactarls- 
tics  of  vibrations  which  distinguish  baval  gaars  from  spur  and 
halical  gaart  ara  causad  by  a  changa  in  tha  diractlon  of  tha 
tooth-normal  in  tooth-mashing.  Tha  Influancas  of  paramatars 
such  at  tha  contact  ratio,  stiffnau  of  gaar-carrying  shafts  and 
damping  ratios  on  tha  band  width  of  unstabla  ragions  of  tha 
vibration  ara  also  shown. 


81-1649 

Dynamic  Behavior  of  Straight  Bevel  Gear  (2nd 
Report,  Vibration  of  Bevel  Gears  on  Rectangular- 
Coordinate) 

Y.  Terauchi,  M.  Fujii,  and  H.  Hoto 
Faculty  of  Engrg.,  Hiroshima  Univ.,  Hiroshima, 
Japan,  Bull.  JSME,  24  (188),  pp  427-433  (Feb  1981) 
18  figs,  2  tables,  2  refs 

Kay  Words:  Gaart,  Baval  gaart,  Vibration  maasuramant, 
Exparimantal  tast  data 

Using  an  inductanca  typa  vibromatar  for  shaft,  tha  displaca- 
mant  of  baval  gaars  is  maasurad  on  a  ractangular-coordinata, 
and  tha  rasults  ara  ditcustad. 


81-1650 

Parameter  Excited  Gear  Vibrationa.  Part  4:  The 
Effect  of  the  Parameters  on  the  Behavior  of  Helicai 
Gears  (Parameteierregte  Getriebeachwingungen.  Teil 
4:  Einfluss  von  Parameteni  auf  dm  Veifaalten  eines 
schrlgvenahnten  Getiiebea) 

H.  Peeken,  C.  Troeder,  and  G.  Diekhans 

(nstitut  f.  Maschinenelemente  und  Maschinengestal- 

tung,  Rheinisch-Wfestfalische  Technische  Hoxhschule 

Aachen,  VDI-Z,  122  (23/24),  pp  1101-1113  (Dec 

1980)  49  figs 

(In  German) 

Kay  Words:  Gaart,  Paramatric  axcitatlon,  Halical  gaart, 
Claaranca  affacts.  Error  analysis 


Tha  vibration  of  a  tingla  stap  gaar  it  Invastlgatad  taking  Into 
account  parametric  excitation  of  straight  and  halical  gears, 
axial  and  flaxural  dagraat  of  freedom,  gear  claaranca,  and 
gaar  errors.  Tha  results  are  obtained  numarlcaily  by  nrwant 
of  a  rrtathamatical  modal.  The  load  Increment  function  and 
tha  resonance  amplitudes  can  be  datcribad  by  meant  of 
ganarally  valid  characteristic  factors,  to  that  these  rasults 
can  ba  applied  alto  to  othar  drives.  (See  81-1240  fOr  Parts 
1-3) 


COUPLINGS 


81-1651 

Analytical  Detenninatioiu  of  Dynamic  Coefficients 
of  Rubber  Shaft  Couplings  (Anslytische  Bestinunung 
der  dynsmischen  Kennwerte  gummielastischer  Wel- 
lenkupphingen) 

R.  RBper  and  D.  Japs 

Lehrgebiet  Maschinenelemente  und  Antriebstechnik 
an  der  Universitat  Dortmund,  Konstruktion,  33  (3), 
pp  1 13-116  (Mar  1981)  9  figs,  4  refs 
(In  German) 

Kay  Words:  Couplings,  Elastomars,  Stiffnats  coefficients. 
Damping  coefficiantt 

A  ralitively  simple  calculation  of  spring  stiffnau  and  damp¬ 
ing  properties  of  nibbar  couplings  It  prauntsd.  It  It  based 
on  simple  quasistatic  maasuremants  of  tha  torque  time  slope 
of  tightly  fixed  couplings  which  rotate  in  steps.  In  tha 
calculation,  tha  rubber  couplings  ara  regarded  as  a  vltco- 
alastic  system  taking  Its  internal  friction  into  consideration. 
Tha  caiculations  -  even  in  tha  prograuiva  range  of  coupling 
characterization  -  agree  wall  with  exparimantal  rasults. 


6M652 

An  Experimental  Investigation  of  the  Effects  of  Aers>- 
elastic  Couplings  on  Aeromechankal  Stability  of  a 
Hingdess  Rotor  Helicopter 

W.G.  BcxJsman 

Aeromechanics  Lab.,  U.S.  Army  Res.  and  Tech. 
Labs.,  Moffett  Field,  CA,  J.  Amer.  Helicopter  Soc., 
26  (1),  pp  46-54  (Jan  1981)  10  figs,  5  tables,  10  refs 

Kay  Words:  CoupUngs,  Aaroalasticity,  Halicoptsrs,  Rotors, 
Surbllity 

A  1 .62-m  diamatar  rotor  model  was  usad  to  investigaia  asro- 
machanical  stability  for  ground  and  hovar  conditions  and  the 


rtMlti  wtr«  compartd  to  thaory.  Configuratlont  tattad 
included:  a  nonmatchad  itiffneae  rotor  ai  a  baaaline,  the 
baeeline  rotor  with  negative  pitch-lag  coupling,  the  combina¬ 
tion  of  negative  pitch-lag  coupling  and  structural  flap-lag 
coupling  on  the  baeeline  rotor,  a  matched  etlffneet  rotor, 
and  a  matched  itiffneu  rotor  with  rMgatIva  pitch-lag  cou¬ 
pling.  The  measured  lead-lag  regressing  mode  damping  of  the 
five  configurations  agreed  well  with  theory,  but  only  the 
matched  stiffness  case  with  negative  pitch-lag  coupling  was 
able  to  stabilize  the  air  resonance  mode.  Comparison  of 
theory  and  experiment  for  the  damping  of  the  body  showed 
significant  differences  that  may  be  related  to  rotor  Inflow 
dynamics. 


FASTENERS 


81-1653 

Damping  Behaviour  of  Bolted  Joints 

A.  Shanker  and  N.K.  Mital 

Dept,  of  Mech.  Engrg.,  Institute  of  Tech.,  Banaras 
Hindu  Univ.,  Varanasi,  India,  Microtechnic,4,pp42- 
45  (1980)  12  figs,  1  table,  6  refs 

Key  Words;  Joints  (junctions).  Bolts,  Damping  coefficients 

The  present  work  reports  the  experimental  investigations 
carried  out  on  the  dynamic  behavior  of  lap  and  butt  joints 
under  dry  and  lubricated  conditions.  It  has  been  found  that 
natural  frequency  of  e  joint  remains  practically  unaffected 
by  the  bolt  tightening  torque,  however  lubricating  the  joints 
reduces  the  natural  frequency  of  vibrations  slightly.  The 
damping  ratio  hat  been  found  to  be  dependant  on  the  bolt 
tightening  torque  and  joint  conditions. 


LINKAGES 


81-1654 

Dynamic  Syntheaia  for  Time  Reaposiae  of  a  Flexibly 
Coupled  Slider  Crank  Mechaniam  with  Pulae  Loading 

J.M.  Gulati  and  A.C.  Rao 

Dept,  of  Mech.  Engrg.,  Government  Engrg.  College, 
Jabalpur  (M.P.),  India,  J.  Franklin  Inst.,  311  (3), 
pp  187-193  (Mar  1981)  3  figs,  12  refs 

Key  Words:  Dynamic  synthesis.  Slider  crank  mechanism. 
Pulse  excitation 

Link  mechanisms  detignad  for  timrdapendent  output  on  the 
asaumption  of  uniform  input  velocity  will  not  perform 
satisfKtorily  due  to  fluctuation  of  input  velocity  under  the 
actual  working  conditions.  Synthesis,  taking  the  input 


velocity  fluctuations  into  consideration,  it  very  difficult. 
Incorporation  of  a  flexible  element  between  the  Input 
link  and  the  drive-motor  makes  the  synthesis  very  easy. 
Alto,  a  mechanism  used  at  a  timing  device,  for  exampla 
the  one  used  for  actuating  a  valve  at  specified  timinge.  It 
subjected  to  pulse  loading.  A  slider-crank  mechanism  sub¬ 
jected  to  such  a  pulse  loading  and  flaxibly  coupled  to  a  drive- 
motor  it  synthesized  for  position  coordination  in  the  present 
paper.  A  numerical  example  it  included. 


81-1655 

Oacillatoiy  Diatortiona  of  Spatial  Linkage  Kincenatk 
Giaracteriatka 

J.l.  Vulfson  and  V.S.  Khorunghin 
Techn.  Scl.,  Leningrad  Inst,  for  Textiles  and  Light 
Industry,  Dept,  of  Theory  Machines  and  Mechanisms, 
Gercen  Str.  18,  191065,  Leningrad,  USSR,  Mech. 
Mach.  Theory,  Ifi  (2),  pp  137-146  (1981)  4  figs, 
1  table,  6  refs 

Key  Words:  Linkages,  Coupled  response.  Torsional  vibration, 
Fiexural  vibration 

An  anaiytical  investigation  method  for  coupled  torsional 
and  flexural  vibrations  of  spatial  crank-and-rocfcer  machanism 
output  links  it  ditcutsad.  The  dynamic  model  pratentad 
takes  into  account  the  dynamic  rasponsa  of  a  spatial  coupler 
which  It  described  with  a  system  of  differential  aquations 
with  variable  coefficients.  By  means  of  the  method  of  the 
so-called  "conventional  oscillator"  the  formal  frequency 
equation  and  the  algorithm  of  a  numerical-entlytical  solution 
of  a  system  of  differential  aquations  it  presented.  The  cri¬ 
terion  of  vibration  "coupling"  of  flexural  and  torsional 
subsystems  it  offered. 


SEALS 

(See  No.  1682) 


STRUCTURAL  COMPONENTS 


STRINGS  AND  ROPES 


81-1656 

SinralatMNi  of  the  Dynamic  Reapoaae  of  Tranniarinn 
Liaea  in  Strong  Winds 

M.J.  Matheson  and  J.D.  Holmes 


59 


Dept,  of  Civil  and  Systems  Engrg.,  James  Cook  Univ. 
of  North  Queensland,  Townsville,  Queensland,  4811, 
Australia,  Engrg.  Struc.,  Ji  (2),  pp  105-110  (Apr 
1981)  5  figs,  3  tables,  13  refs 

Key  Wordi;  TrinimiMion  linei.  Wind-induced  excitation, 
Monte  Cario  method.  Finite  difference  technique 

A  numerical  limulation  procedure  for  predicting  the  reiponte 
of  a  tingle  ipen  tranimiition  line  to  strong  turbulent  winds  it 
described.  The  wind  velocities  are  generated  using  a  ‘Monte 
Carlo'  technique  bated  on  an  inverse  fast  Fourier  transform: 
the  equations  of  motion  of  tha  line  are  then  solved  numeri¬ 
cally  using  a  finite  difference  method.  Results  obtained 
using  the  method  were  compared  with  those  from  linearized 
random  vibration  theory.  Effects  due  to  tha  mean  swing 
angle  of  the  line,  and  due  to  the  excitation  of  an  in-plane 
mode  of  vibration  were  apparent. 


Natl.  Tech.  Univ.  of  Athens,  Athens,  Greece,  Forsch. 
Ing.-Wes.,42  (D.  PP  25-32  (1981)  3  figs,  3  refs 

Kay  Words;  Rods,  Longitudinal  vibration.  Material  damping. 
Amplitude  analysis 

The  biihavlor  of  a  fraquency  indapandant  linear  and  also  of 
a  frequency  indapandant  nonlinaar  matarlal  damping,  whose 
nonlinsarity  depends  on  tha  maximum  vibration  distortion, 
it  ditcjtsed  for  tha  casa  of  forced  longitudinal  vibrations  of 
rods.  The  theoretical  results  are  compared  with  the  results  of 
a  fracjuancy  dependent  material  damping.  For  an  approxi¬ 
mate  solution  of  tha  nonlinaar  partial  differential  aquations 
a  proper  mathematical  method  it  Introduced, 


BEAMS 

(AlsoseeNos.  1765, 1783) 


CABLES 


81-1657 

Natural  Frequenciea  and  Mode  Shaftea  of  Cablea  with 
Attached  Maaaea 

S.  Sergev  and  W.D.  Iwan 

Civil  Engrg.  Lab.  (Navy),  Port  Hueneme,  CA,  Rept. 
No.  CEL-TN-1583, 28  pp  (Aug  1980) 

A0-A092  960/4 

Key  Words:  Cables  (ropes).  Mass-beam  systems.  Natural 
frequencies.  Mode  shapes.  Computer  progremt 

An  algorithm  hat  bean  developed  to  calculate  mode  shapes 
and  natural  frequencies  of  taut  cablet  with  attached  masses. 
The  transcendental  equations  of  motion  are  solved  by  an 
iterative  technique  that  allows  accurate  calculation  of  ex¬ 
tremely  high  mods  numbers.  The  algorithm  has  been  imple¬ 
mented  at  a  FORTRAN  program  primarily  at  a  tool  in 
determining  drag  coefficients  of  submerged  strumming 
cablet;  however,  any  taut  cable  can  be  analyzed. 


BARS  AND  RODS 


81-1658 

Forced  Longitudinal  Vibrationa  of  a  Rod  by  Taking 
into  Account  Amplitude  Dependent  Nonlinear 
Material  Damping 

S.  Katsaitis 


81-1659 

On  the  Reaponae  of  a  Timodienko  Beam  under 
initial  Streia  to  a  Moving  Load 

B,  Prasad 

Scientific  Res.  Lab.,  Room  S-2023,  Ford  Motor  Co., 
20000  Rotunda  Dr.,  Dearborn,  Ml  48121,  Inti.  J. 
Engrg.  Sci.,  Ig  (5),  pp  615-628  (1981)  4  figs,  3 
tobies,  19  refs 

Kay  Words;  Beams,  Moving  loads,  Timoshenko  theory. 
Railroad  tracks 

When  an  axial  compressive  force  Is  present,  the  wavelength 
of  the  propagating  free  waves  in  a  beam  rapidly  decreases. 
The  conventional  Euler-Barnoulli  beam  equations  are  often 
not  adequate  for  determining  dynamic  behavior  of  the 
moving  load  on  a  beam  supported  on  an  elastic  foundation 
when  initial  axial  stress  is  present.  Equations  derived  by  Sun 
for  the  Timoshenko  beam  with  initial  axial  stress  (based  on 
Trefftz’s  theory),  form  the  basis  of  this  investigation.  Analyt¬ 
ical  solutions  are  presentad  for  deformations  of  the  beam 
both  with  and  without  damping.  Expressions  of  tha  critical 
velocity  as  a  function  of  initial  axial  stress  and  foundation 
modulus  parameters,  are  obtained  for  the  Timoshenko  beam. 
Critical  velocities  of  the  Timoshenko  beam,  with  and  without 
axial  stress,  are  compared  with  that  obtained  using  Euler- 
Bernoulli  beam  formulation. 


81-1660 

A  New  Tecluiique  for  the  Meaaurenient  of  the  Specif¬ 
ic  Danping  Capacity  of  Beams  in  Flexure 

F.J.  Guild  and  R.D.  Adams 


60 


School  of  Engrg.  Sci„  Plymouth  Polytechnic,  Ply¬ 
mouth,  UK,  J.  Phys.  E:  Sci.  Instrum.,  14  (3),  pp 
355-363  (Mar  1981)  12  figs,  2  tables,  4  refs 

Kay  Wordi;  Beami,  Flaxural  vibration.  Cracked  media. 
Damping  coefficianti 

Maaturement  of  specific  damping  capacity  may  be  an  impor¬ 
tant  method  for  the  detection  of  tmaii  cracki  in  compoiite 
materiaii.  Apparatus  for  the  measurement  of  specific  damp¬ 
ing  capacity  of  these  lossy  materials  in  free-free  flexure 
without  making  attachments  to  the  middia  of  the  beam, 
has  been  developed.  Comparative  meMurements  ware  also 
made  using  a  cantilever  apparatus. 


81-1661 

Analyais  Method  for  Calculating  Vibration  Charac- 
teriatica  of  Beama  with  Intennediate  Supporta 

H.  Chung 

Components  Technology  Div.,  Argonne  Natl.  Lab., 
Argonne,  IL  60439,  Nucl.  Engrg.  Des..  63  (11.  pp  55- 
80  (Jan  1981)  7  figs,  4  tables,  14  refs 

Key  Words;  Beams,  Natural  frequencies.  Mode  shapes.  Fluid- 
induced  excitation.  Seismic  excitation.  Nuclear  reactor 
components 

Several  reactor  system  components,  such  as  fuel  pins,  heat 
exchanger  tubes,  control  rods,  and  various  instrumentation 
and  shroud  tubes,  are  beam-like  components  with  inter¬ 
mediate  supports  along  their  length.  Basic  to  any  flow 
induced  vibration  or  seismic  analysis  of  these  components 
is  the  need  to  determine  their  vibrational  characteristics 
including  natural  frequencies  and  modes.  This  paper  presents 
a  simple  solution  method  for  calculating  the  natural  fre¬ 
quencies  and  modes  of  beams  with  any  of  the  classical 
boundary  conditions  and  with  unlimited  intermediate  sup¬ 
ports. 


8M662 

Effects  of  Rotary  Inertia  and  Shear  on  Natural  Fre¬ 
quencies  of  Continuoui  Circular  Curved  Beams 

T.-M.  Wang  and  M.P.  Guilbert 
Dept,  of  Civil  Engrg.,  Univ.  of  New  Hampshire, 
Durham,  NH  03824,  Inti.  J.  Solids  Struct.,  17  (3), 
pp  281-289  (1981)4  figs,  10  refs 

Key  Words:  Beams,  Curved  beams.  Continuous  beams. 
Natural  frequencies.  Rotatory  inertia  effects.  Transverse 
shear  deformation  effects 


The  dynamic  stlffncH  matrix  for  circular  curved  members 
of  constant  section  has  baen  darivad  for  tha  determination 
of  natural  frequencies  of  continuous  curved  beams  under¬ 
going  In-plane  vibrations.  An  exan.pla  of  a  two-span  curved 
beam  it  given  to  Illustrate  tha  application  of  the  proposed 
method  and  to  show  the  effects  of  rotary  Inertia,  shear  and 
the  central  angla  of  the  arc  upon  the  natural  frequencies  of 
the  beam. 


81-1663 

The  Nonnal  Modes  of  Beam-Like  Structures  by  a 
Lanezos-Stodoia  Method 

L.T.  Niblett 

Royal  Aircraft  Establishment,  Farnborough,  UK, 
Rept.  No.  RAE-TR-80058,  RAE-STRUCT-BF/B/ 
0832, 14  pp  (May  1980) 

N81-12470 

Key  Words:  Beams,  Cantilever  beams.  Mode  shapes.  Flexural 
vibration.  Torsional  vibration,  Lanczos  method,  Stodola 
method 

A  method  of  finding  tha  flexural  and  torsional  normal  modes 
of  structures  which  have  straight  stiffness  axes  and  which  are 
mounted  as  cantilevers  is  given.  Tha  larsczos  method  of 
minimized  iterations  is  used  to  obtain  intarmedlate  modes 
using  integro-differential  aquations  and  tha  mats  and  stlff- 
neu  distributions.  Tha  Inertia  matrix  appropriate  to  the 
intermediate  modes  it  tridiagonal  and  the  stiffness  matrix 
it  unit.  Tha  dominant  eigenvalues  and  vectors  of  the  Inertia 
matrix  give  good  approximations  to  the  graver  normal 
models.  Results  of  test  calculations  using  a  computer  pro- 
grsm  which  alto  allows  for  the  pretence  of  discrete  mattes 
are  given. 


CYLINDERS 

(Also  see  No.  1715) 


81-1664 

Torsional  Waves  in  an  Axially  Homogeneous  Bi¬ 
metallic  Cylinder 

R.K.  Kaul  and  R.P.  Shaw 

Dept,  of  Engrg.  Science,  Aerospace  Engrg.  and 
Nuclear  Engrg.,  State  Univ.  of  New  York  at  Buffalo, 
Buffalo,  NY  14214,  Inti.  J.  Solids  Struct.,  17  (4), 
pp  379-394  (1981)  2  figs,  14  refs 

Key  Words;  Cylinders,  Torsional  vibration 

The  dispersion  spectrum  it  found  for  axially  asymmetric 
torsional  waves  in  an  elastic,  bimetallic  rod  with  cylindrical 
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cor*  and  conctntric  outer  CMing.  Plotting  of  tit*  various 
br*nch*i  of  the  spectrum  It  simplified  by  the  pretence  of 
discrete  Invariant  points  which  are  independent  of  the 
material  properties  end  through  which  the  spectral  lines 
mutt  past.  The  slope  and  curvature  of  the  spectral  lines  at 
cut-off  frequencies,  the  asymptotic  approximations  at  high 
frequency,  the  non-existence  of  complex  branches,  the 
problem  of  co-existence  and  the  concept  of  energy  flow  are 
also  studied. 


COLUMNS 


81-1665 

Dynamic  Buckling  of  an  Indaetic  Column 

L.H.N.  Lee 

Dept,  of  Aerospace  and  Mech.  Engrg.,  Univ.  of 
Notre  Dame.  Notre  Dame,  IN  46556,  Inti.  J.  Solids 
Struct.,  12  (3),  pp  271-279  (1981)  6  figs,  10  refs 

Key  Words;  Columns,  Dynamic  buckling.  Geometric  effects, 
Bifurcetion  theory 

A  quasi-bifurcation  theory,  for  systems  subject  to  configura¬ 
tion-dependant  forces,  is  employed  to  analyze  the  dynamic 
buckling  behavior  of  an  Inelastic  column  hingad  at  both 
ends.  Numerical  results  are  presented  and  show  that  only 
certain  eigenmodes  of  motion  predominate  at  a  time,  as 
well  at  terminallv  depending  on  the  nature  of  the  time- 
dependent  eigenvalues  which,  in  turn,  depend  on  the  geom¬ 
etry,  material  properties  end  the  loading  history  of  the 
column. 


PANELS 


81-1666 

Unsteady  Preaaure  Loads  for  3-D  Flutter  Calculation 
of  Planar  Configuration  Panda  in  a  Supenonic, 
lonked  Gas  Flow 

L.  Librescu 

Dept,  of  Solid  Mechanics,  Materials  and  Struct., 
Tel  Aviv  Univ.,  Tel  Aviv,  Israel,  Israel  J.  Tech.,  18 
(1-2),  pp  37-46  (1980)  2  figs,  31  refs 

Key  Words:  Panels,  Rectangular  panals.  Flutter,  Spacecraft 

In  this  paper,  the  problem  of  the  determination  of  unsteady 
pressure  expressions,  approprlste  to  the  3-0  flutter  analysis 
of  rectangular  panels  in  a  supersonic  ionized  gas  flow,  is 


invastigatad.  The  starting  point  Is  consideration  of  the  3-0 
field  aquations  of  unstaady  compresalbla  magnatoaerodynam- 
Ics.  Using  Integral  transforms,  two  closed-form  solutions 
of  the  unsteady  pressure  loads  at*  obtained,  corresponding  to 
two  extreme  ranges  of  Alfven  numbers.  At  the  and  of  the 
paper  a  simplar  axpression  for  the  unstaady  pressure  loads 
is  prasentad,  which  constitutes  In  fact  a  3-D  correction  of 
on*  author's  previous  2-D  solution. 


81-1667 

Static  and  Dynamic  Reqponae  of  an  Aluminiun  Alloy 
Pand  Having  a  Central  Opening  with  Combined  In- 
Plane  Biaxial  Static  Loading  and  Acouatic  Excitation 

P.  Datta  and  R.  White 

Inst.  Sound  Vib.  Res.,  Southampton  Univ.,  UK, 
Rept.  No.  ISVR-TR-103,  81  pp  (Aug  1980) 
N81-14353 

Key  Words:  Panels,  Plates,  Acoustic  excitation.  Discontinu¬ 
ity-containing  media.  Dynamic  tests.  Periodic  tests.  Periodic 
excitation.  Random  excitation.  Crack  propagation 

The  static  and  dynamic  response  of  an  aluminum  alioy 
panel,  hwing  a  central  opening,  subjected  to  combined  in¬ 
plan*  static  tensile  loading  and  acoustic  excitation  is  de¬ 
scribed.  The  test  specimens  were  tested  in  »n  ecoustic  tunnel 
to  maximum  sound  pressure  level  of  145  dB  with  In-plane 
uniaxial  and  biaxial  tansile  loading.  The  local  buckling  of  the 
free  edge  of  the  opening  and  tha  plate  vibration  characteris¬ 
tic*  were  alto  investigated.  The  nonlinear  behavior  of  tha 
plat*  having  a  central  opening  was  examinad  under  sinusoidal 
end  broad  band  random  excitation.  Crack  propagation  data 
from  the  high  ttrass  concentration  zona  at  the  tips  of  the 
opening  under  acoustic  excitation  are  presented. 


PLATES 

(Also  see  Nos.  1667, 1766) 
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Reeponie  of  Rectangular  Thick  Platea  to  Moving 
Single  Loadf 

K.  Shirakawa 
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Mozu-Umemachi,  Sakai,  Osaka  591,  Japan,  Ingenieur- 
Archiv,  50  (3),  pp  165-175  (1981)  6  figs,  10  refs 

Key  Words:  Plates,  Recungular  plates.  Transverse  shear 
deformation  effects.  Rotatory  inertia  effects.  Moving  load* 


62 


The  retponM  of  ■  rectangultr  plate  to  a  moving  load  It 
invaitigatad.  An  Impraved  plate  theory  which  Includes 
the  affects  of  shear  deformation  and  rotatory  inertia  as 
well  as  normal  stress  to  the  plete  surface  is  introduced  and 
the  equation  of  motion  in  terms  of  tingle  displacement  it 
derived.  Solutions  are  obtained  by  epplying  Fourier  trans¬ 
forms.  The  effects  of  the  approximation  methods  of  the 
plete  theory  on  the  response  of  the  displacment  and  the 
stress  couplet  are  examined  with  regerd  to  the  load  velocity, 
plate  dimensions,  etc..  In  eddition  to  the  comparison  with 
the  results  due  to  the  datsicel  piste  theory. 


81-1669 

Acoiutic  Radiation  from  an  Impiilaivcly  Excited 
Elastic  Rate 

S.S.  Mackertich  and  S.l.  Hayek 
Lafayette  College,  Easton,  PA  18042,  J.  Acoust. 
Soc.  Amer.,  69  (4),  pp  1021-1028  (Apr  1981)  8  figs, 
21  refs 

Key  Words:  Plates,  Submerged  structures.  Acoustic  radia¬ 
tion,  Pulse  excitation 

The  acoustic  radiated  pressure  time  signeture  of  a  submerged 
elestic  plete  which  is  impulsively  loeded  is  predicted  analyti- 
celiy  by  use  of  integrei  trensforms  on  time  and  space.  The 
first  errivel  of  the  acoustic  pulse  at  an  obaerv'.r  point  in  tha 
medium  was  shown  to  correspond  to  the  acoustic  time  of 
errivel  for  the  normel  distance  from  the  observer  to  the  plate. 
After  the  first  arrival,  the  time  signature  osciilates  with  de- 
creesing  emplitude  with  the  pessage  of  time.  The  period  of 
osciiiation  was  shown  to  Increase  with  time  end  the  decay 
rate  was  shown  to  decay  inverseiy  with  elapsed  time. 


81-1670 

Analyw  of  Simply-Supported  Orthotropk  natea 
Subject  to  Static  and  Dynanic  Loads 

A.L.  Dobyns 

Boeing  Military  Airplane  Co.,  Seattle,  WA,  AIAA  J., 
19  (5),  pp  642-650  (May  1981)  13  figs,  1  table,  21 
refs 

Key  Words:  Plates,  Orthotropic  plates.  Pulse  excitation 

Equations  are  presented  for  the  analysis  of  simply -supported 
orthotropic  plates  subjected  to  static  and  dynamic  loading 
conditions.  Transient  loading  conditions  considered  include 
sine,  rectangular,  and  triangular  pulses,  end  pulses  representa- 
tivs  of  high  explosive  blest  and  nuclear  blast.  These  pulses 
can  be  applied  as  a  uniform  load  over  the  panel,  a  concen¬ 
trated  load,  a  uniform  load  applied  over  a  small  rectangular 
area,  and  a  cosine  loading  applied  over  a  small  rectangular 


area,  A  method  for  tha  analysis  of  low  velocity  impact  Is 
also  ptesantad. 
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Large  AmpUtude  Vibration  of  Qrciilar  Plates  In- 
chiding  Tranaverae  Shear  and  Rotatory  Inertia 

M.  Sathyamoorthy 

Oept.  of  Mech.  and  Indus,  Engrg,,  Clarkson  College 
of  Tech.,  Potsdam,  NY  13676,  Inti.  J.  Solids  Struct., 
12  (4),  pp  443-449  (1981)  6  figs,  1  table,  8  refs 

Key  Words:  Plates,  Circular  pistes.  Flexural  vibration.  Trans¬ 
verse  sheer  deformation  affects.  Rotatory  Inertia  affects 

This  study  is  in  inalyticsl  investigation  of  large  amplitude 
flexural  vibration  of  clamped  clrculer  pistes  with  stress-free 
and  immovabie  edges.  The  effects  of  transverse  shear  defor¬ 
mation  and  rotatory  inertia  are  Included  in  the  governing 
equations.  Solutions  are  formulated  on  the  basis  of  Galerfcin's 
method  end  the  Runge-Kutta  numerical  procedure.  An  excel¬ 
lent  agreement  is  found  between  tha  present  results  and  those 
reported  earlier  for  nonlinear  static  and  dynamic  cases. 
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Finite  Element  Structural  Model  of  a  Large,  Thui, 
Completely  Free,  Flat  Plate 

S.  Joshi  and  N.  Groom 

NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rapt.  No. 
NASA-TM-81887,21  pp  (Sept  1980) 
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Key  Words:  Plates,  Mode  shapes.  Natural  frequencies.  Finite 
element  technique.  Spacecraft 

A  finite  element  structural  modal  of  a  30.48  m  x  30.48  m 
X  2£4  mm  completely  free  aluminum  plate  it  described 
and  modal  frequencies  and  mode  shape  data  for  tha  first  44 
modes  are  presented.  An  explanation  of  tha  procedure  for 
using  the  date  It  alto  presented.  The  model  should  prove 
useful  for  the  investigation  of  controller  design  approaches 
for  large  flexible  space  structures. 


SHELLS 
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Dynamic  AnalytM  of  Liquid  Storage  Tanka 

M.A.  Haroun 
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Earthquake  Engrg.  Res.  Lab.,  California  Inst.  Tech., 
Pasadena,  CA,  Rept.  No.  EERL-80-04.  NSF/RA- 
800217,292  pp  (Feb  1980) 
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Key  Wordi:  Storage  tanks.  Tanks  (containers).  Shells,  Cylin¬ 
drical  shells.  Fluid-filled  containers.  Earthquake  resistant 
design.  Earthquake  response 

The  dynamic  behavior  of  cylindrical  liquid  storage  tanks 
was  investigated  to  improve  their  ability  to  resist  earth¬ 
quakes.  The  study  comprised  three  phases:  a  theoretical 
treatment  of  the  liquid-shell  system;  an  investigation  of  the 
dynamic  characteristics  of  full-scale  tanks:  and  development 
of  an  improved  design  procedure  based  on  an  approximate 
analysis.  Natural  vibration  frequencies  and  associated  mode 
shapes  were  found. 
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Evaluation  of  Liquid  Dynamic  Loatls  in  Slack  LNG 
Cargo  Tanka 

P.A.  Cox,  E.B.  Bowles,  and  R.L,  Bass 
Southwest  Res.  Inst.,  San  Antonio,  TX,  Rept.  No. 
SWRI-SR-1251,SSC-297,201  pp  (May  1980) 
AD-A091  153/7 

Key  Words:  Tanks  (containers).  Fluid-filled  containers. 
Sloshing,  Design  techniques 

This  report  provides  an  evaluation  of  dynamic  sloshing 
loads  in  slack  LNG  cargo  tanks.  A  comprehensive  review 
of  worldwide  Kale  model  sloshing  data  it  presented.  The 
data  are  reduced  to  a  common  format  for  the  purposes  of 
defining  design  load  coefficients.  LNG  tank  structural  details 
are  reviewed  with  emphasis  piKed  on  defining  unique  design 
features  which  mutt  be  considered  in  designing  LNG  tanks 
to  withstand  dynamic  sloshing  loads.  Additional  Kale  modal 
laboratory  experiments  are  conducted  to  supplement  the 
available  modal  sloshing  data.  Experiments  are  conducted  in 
combined  degrees  of  freedom  to  establish  the  potential  for 
multi-degree  of  freedom  excitation  for  augmenting  dynamic 
slothing  loads.  Experiments  are  alto  conducted  to  establish 
the  sloshing  dynamic  pressure-time  histories  which  are 
necessary  for  structural  response  analysis.  Experiments  are 
also  conducted  on  representative  segments  of  a  full-KSle 
LNG  ship  tank  structure  which  it  loaded  with  a  typical 
full-Kale  dynamic  sloshing  pressure  as  predicted  from  the 
model  results.  Analytical  studies  are  undertaken  to  provide 
techniques  f'r  determining  wall  structural  response  to 
dynamic  slosh  loads.  Finally,  design  methodology  is  pre¬ 
sented  for  membrane  and  semi-membrane  tanks,  gravity 
tanks,  and  pressure  tanks  whereby  the  design  procedures 
sequences  from  comparing  resonant  sloshing  periods  to  ship 
periods,  defining  the  design  loads,  and  designing  the  tank 
structures  affected  by  dynamic  slosh  loads  by  delineated 
procedures  which  vary  with  tank  type. 


81-1675 

Caiculatioii  of  the  Free  OiciUations  of  a  Heavy 
Incompretiible  Fluid  in  an  Axially  Symmetrical 
Veaad  by  Means  of  Pand  Methods 

U.  Schilling  and  J.  Siekmann 

UniversitSt  Essen  -  Gesamthochschule,  Essen,  W. 
Germany,  Israel  J.  Tech.,  18  (1-2),  pp  13-20  (1980) 
5  figs,  1 0  refs 

Key  Words:  Fluids,  Fluid-filled  containers.  Sloshing 

In  this  paper  the  Irrotational  motion  of  a  heavy  ideal  and 
incompreuible  fluid  which  partially  fills  an  axisymmetric 
tank  has  been  investigated.  The  axis  of  the  container  Is 
supposed  to  be  parallel  to  the  direction  of  gravity.  Under 
the  assumptions  made  the  potential  flow  of  the  liquid  is 
goverf>ed  by  the  LapiKe  equation,  the  zero  normal  velocity 
condition  at  the  impermeable  wall,  and  the  conditions  at 
the  free  liquid  surface. 


81-1676 

Reeponae  of  a  Point  Excited  Infinitely  Long  Cylin¬ 
drical  Shell  Immened  in  an  Acouatk  Medium 

W.  Vogel  and  D.  Felt 

David  W.  Taylor  Naval  Ship  Res.  and  Dev.  Ctr., 
Bethesda,  MD,  Rept.  No.  DTNSR DC-80/061,  62 
pp  (Nov  1980) 

AD-A091  947/2 

Key  Words:  Shells,  Cylindrical  shells.  Fluid-induced  excita¬ 
tion,  Point  source  excitation 

The  velocity  distribution  of  e  point  excited,  infinitely  long, 
thin  cylindrical  shall  immersed  in  an  acoustic  medium  is  con¬ 
sidered.  The  problem  is  analyzed  by  applying  Integral  trans¬ 
form  techniques;  a  solution  is  than  obtained  by  evaluating 
the  inverse  transform  integrals  numerically.  Examples  are 
presented  to  illustrate  the  effect  of  fluid  loading  on  the 
vibrational  behevior  of  a  point  excited  cylindrical  shall.  In 
addition,  results  are  compared  with  those  of  a  point  excited 
plate  with  and  without  fluid  loading. 


81-1677 

Experimeuts  on  the  Dynamic  Behavior  of  Fluid- 
Coupled  Concentric  Cylindera 

M.L.  Chu  and  S.  Brown 

Univ.  of  Akron,  Akron,  OH  44325,  ExpJ.  Mechan¬ 
ics,  21  (4),  pp  129-137  (Apr  1981)  12  figs,  3  tables, 
26  refs 


Kty  Wordi:  SMIt,  Cylindrical  dMilt,  Concantric  ttiucturai, 
Fluid  coupllnga,  Intaiaction;  aolid-fluid,  Nuctaar  raactor 
componantt,  Vtoration  taatt 

This  rataarch  program  wai  abnad  at  invaitigating  axpari- 
mantally  tolid-fluid  intaractlon  during  vibrationt  of  con- 
cantric  cylindan  couplad  with  fluid  in  tha  annuiar  region, 
and  to  obtain  ‘banchmarkt*  for  analyticai  modeling. 
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Adalyiia  of  a  Cylndrieal  SheU  Vibntiii|;  m  a  Cytin- 
drical  Fluid  Regioa 

H.  Chung,  P.  Tumla,  T.M.  Mulcahy,  and  J.A.  Jen- 
drzejezyk 

Components  Technology  Div.,  Argonne  Natl.  Lab., 
Argonne,  IL  60439,  Nud.  Engrg.  Des.,  63  (1),  pp 
109-120  (Jan  1981)  11  figs,  4  tables,  10  refs 

Key  Woidt:  Shelli,  Cylindrical  ihellt,  Linlngi,  Nudaar 
raactor  component*.  Natural  fraquencie*.  Mode  shape*. 
Harmonic  rasportta.  Computer  program* 

Analytical  and  experimental  method*  are  presented  for 
evaluating  tha  vibration  characteristic*  of  cylindrical  shall* 
such  a*  tha  thermal  liner  of  tha  Fast  Flux  Test  Facility 
reactor  vessel.  Tha  NASTRAN  computer  program  it  used 
to  calculate  the  natural  frequencies,  mod*  shapes,  and  re- 
sponea  to  a  harmonic  loading  of  a  thin,  circular  cylindrical 
shell  situated  inside  a  fluid-filled  rigid  circular  cy'indar. 
Solutions  in  a  vacuum  are  verified  with  an  exact  solution 
method  and  the  SAP  iV  computer  code.  Comparieon*  be¬ 
tween  analysis  and  experiment  ere  made,  and  the  accuracy 
and  utility  of  the  fluid-solid  interaction  package  of  NAS¬ 
TRAN  is  aseeseed. 
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Dyuamic  Propagatioti  of  Losigitudiaal  Cracka  in  a 
Pnaauriaed  Cylindrical  Shell  Due  to  Ductile  Failuie 

H.-C.  Lin 

Components  Technology  Div.,  Argonne  Natl.  Lab., 
Argonne,  IL  60439,  Nucl.  Engrg.  Des.,  63.  (D.  PP 
137-142  (Jan  1981)  5  figs,  22  refs 

Kay  Words:  Shells,  Cylindrical  shells.  Nuclear  reactor  compo¬ 
nantt,  Crack  propagation 

The  dynamic  motion  of  a  longitudinal  through<i*cfc  along  a 
preeaurizad  pip*  or  ehall  structure  was  studied.  The  endo- 
chronlc  theory  of  visooplastlcity  were  used  for  tha  daecrlp- 
tion  of  Inelastic  material  bahavior.  Numerical  axamplat  were 


given  for  a  suddenly  Introduced  axial  through<rack  in  tha 
wall  of  a  praeeurlzad  pip*  which  it  ailowad  to  propagate 
according  to  Welts  -  Sengupta  notch-atrangth  thaory  of 
ductila  static  fracture.  Crack  tip  position  and  crack  opening 
displacamant  proflie  were  obtainad  at  wriout  tirtMt.  No 
crack  arrest  was  observed  in  the  exampi*  due  to  the  as¬ 
sumption  of  a  constant  internal  prseeura. 


81-1680 

Traurieut  Reapouaet  of  a  Cautiiever  Cyliudrieai 
SheU  Subiected  to  Impulriye  Louda  oa  Ita  Free 
Edge:  The  luOueacea  of  Rotatoiy  Inertia  and  Trana- 
veiae  Shear  Defoimatioo 

S.  Ujihashi,  T.  Okazaki,  H.  Matsumoto,  and  I.  Naka- 
hara 

Faculty  of  Engrg.,  Tokyo  Inst.  Tech.,  2-12-1,  Oh- 
okayama,  Meguro-ku,  Tokyo,  Bull.  JSME,  24  (188). 
pp  295-304  (Feb  1981)  13  figs,  4  tables,  17  refs 

Key  Words;  Shells,  Cylindrical  thellt.  Cantilever  beams. 
Puls*  excitation,  Trenenrea  shear  deformation  affects. 
Rotatory  inartia  effects 

In  this  paper,  the  transient  responses  of  a  cantilaver  circular 
cylirforical  shell  subjected  to  Impulslv*  load*  i>n  its  free 
edge  are  analyzed  on  tha  basis  of  an  improved  dynamic 
shall  thaory,  namely,  Mirsky  -  Harmann's  theory,  oonsidar- 
ing  the  influsnce*  of  the  rotatory  Inartia  and  the  tranevaraa 
shear  deformation  by  the  use  of  Laplace  tranefomation. 
The  numerical  results  era  compared  with  thoea  previously 
obtained  by  the  author  via  Flugga's  daeaical  dynamic  theory. 
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Vibration  of  a  Materially  Monoclinic,  Thick-Wall 
Circular  Cylaidrical  SheU 

M.E.  Vanderpool  and  C.W.  Bert 
General  Dynamics  Corp.,  Fort  Worth,  TX,  AIAA  J., 
12  (5),  pp  634-641  (May  1981)  2  figs,  3  tables, 
24  refs 

Kay  Words:  Shells,  Circular  shellt.  Cylindrical  shellt 

Tha  resonant  vbration  fraquetKle*  of  a  fber-reinforcad, 
thick-wall,  circular-cylindrical  shall  of  finite  length  which 
ie  materially  monodinic  are  artalyzad.  The  degree  of  material 
anisotropy  pradudae  a  dossd-form  solution  and  to  an  Itera- 
thre,  yet  exact,  method  It  used.  The  aralytical  method  is 
validated  by  comparieon  of  result*  with  praviously  pub¬ 
lished  results  for  a  homogenaous,  isotropic  thin  shall,  and  an 
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orthogonally  ttiffaned-thln  shall  inodaltd  as  orthotropic. 
Results  for  a  matarially  monoclinic,  thick-wall  shall  with 
free-free  end  conditions  are  compared  with  experimental 
results  obtained  by  the  present  investigators. 
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Moving  Load  on  a  Two-Layered  Cylindrical  Shell 
with  Imperfect  Bonding 

S.  Chonan 

Dept,  of  Mech.  Engrg.,  Tohoku  Univ.,  Sendai,  Japan, 
J.  Acoust.  Soc.  Amer,,  69  (4),  pp  1015-1020  (Apr 
1981)  10  figs,  7  refs 

Key  Words:  Shells,  Cylindrical  shalli,  Layered  materials. 
Moving  loads 

This  paper  reports  on  the  response  to  a  moving  ring  load  of 
an  infinitely  long  two-layered  cylindrical  shell  with  a  flexible 
bond  at  the  interface.  Both  the  dissimilar  shells  are  assumed 
to  bend  according  to  a  thick-shell  theory.  Solutions  are 
obtained  by  the  Fourier  transform  method  with  respect  to 
an  axial  space  variable.  Numerical  results  are  given  for  a 
laminated  shell  composed  of  inner  hard  rubber  and  outer 
duralumin  shells.  The  load  speed  which  generates  a  reso¬ 
nance  in  the  system  is  calculated.  Further,  the  displacement 
and  the  moment  in  each  shell  are  evaluated  for  a  range  of 
parameters.  The  results  are  also  compared  with  those  from 
the  classical  thin-shell  theory. 
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Free  Vibratioiu  of  Orthotropk  Spherical  Sheila 

V.C.M.  de  Souza  and  J.G.A.  Croll 
Proconsulte  Construcoes  Ltd.,  Rio  de  Janeiro,  Brazil, 
Engrg.  Struc.,  _3  (2),  pp  71-84  (Apr  1981)  9  figs, 
7  tables,  21  refs 

Key  Words:  Shells,  Spherical  shells.  Equations  of  motion. 
Stiffness  coefficients 

The  equations  of  motion  for  the  free  vibrations  of  ortho- 
tropically  stiffened  open  spherical  shells  are  developed  and 
solved  using  a  suitable  finite  difference  model.  Variations 
in  both  flexural  and  extensional  orthotropic  stiffness  prop¬ 
erties  are  investigated  by  means  of  carefully  selected  para¬ 
metric  studies.  A  systematic  examination  of  the  contribution 
to  strain  energy  in  each  mode,  arising  from  the  various 
components  of  orthotropic  shell  stiffness,  is  shown  to  assist 
the  interpretation  of  the  effects  of  orthotropk  stiffrsets 
changes,  and  to  allow  prediction  of  approximate  frequerscy 
spectra.  Based  on  the  analysit  of  a  related  isotropk  spherical 


shall  it  Is  shown  how  a  modified  form  of  Rayleigh's  nnath- 
od  provides  approximations  of  frequency  spectra  suffkiantly 
accurate  to  assist  the  conceptual  dynamk  design  process. 


81-1684 

Solutioiu  of  Some  Stability  Problems  in  the  Theory 
of  GeometricaUy  Non-Linear  SheUa 

D.  Shilkrut 

Dept,  of  Mecfi.  Engrg.,  Ben  Gurion  Univ.  of  the 
Negev,  Be'er  Sheva,  Israel,  Israel  J.  Tech,,  (1-2), 
pp  76-83  (1980)  16  figs,  2  tables,  32  refs 

Key  Words:  Shells,  Spherical  shells.  Stability 

This  paper  presents  a  survey  of  some  results  of  research 
performed  by  the  author  and  hit  students  in  the  area  of  the 
theory  of  geometrically  non-linear  spherical  shells.  The 
spherical  shells,  together  with  the  cylindrical  shells,  are  one 
of  the  principal  models  for  the  study  of  the  stability  of 
non-linear  shells.  The  ovenwhelming  m^orlty  of  the  affects 
that  are  observed  in  the  spherical  shells  are  typical  also  for 
shells  of  arbitrary  shapes. 


RINGS 
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Vibration  Qiaracterutica  of  a  Steadily  Rot  sting 
Slender  Ring 

F.  Lallman 
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NASA-TP-1775,  100  pp  (Dec  1980) 
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Key  Words:  Rings,  Rotating  structures.  Vibration  response 

Partial  differential  equations  are  derived  to  describe  the 
structural  vibrations  of  a  uniform  homogeneous  ring  which 
is  very  flexible  because  the  radius  is  very  large  compared 
with  the  cross  sectional  dimensions.  Elementary  beam  theory 
it  used  and  small  deflections  art  ataumnd  in  the  derivation. 
Four  sett  of  structural  modes  are  examined:  banding  and 
compreuion  modes  in  the  plane  of  the  rfng;  bending  modes 
perpendkular  to  the  plane  of  the  ring;  and  twisting  modes 
about  the  centroid  of  the  ring  cross  sertipn.  Spatial  and 
temporal  characteristict  of  these  modes,  pres,  'tad  in  terms 
of  vibration  frequencies  and  ratios  between  vibration  ampli¬ 
tudes,  are  demonstrated  in  several  figures.  Given  a  suffi¬ 
ciently  high  rotational  rate,  the  dynamks  of  the  ring  ap¬ 
proach  those  of  a  vibrating  string.  In  this  case,  the  velocity 
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of  traveling  wave  in  the  material  of  the  ring  approachet  in 
velocity  of  the  material  relative  to  inertial  apace,  raaulting 
in  structural  modea  which  are  almost  stationary  in  space. 


PIPES  AND  TUBES 

(Also  see  Nos.  1594, 1796, 1797, 17981 


81-1686 

Piping  Vibration  and  Streaa 

J.C.  Wachel 

Appl.  Physics  Div.,  Southwest  Res.  Inst.,  San  An¬ 
tonio,  TX,  Proc.,  Machinery  Vibration  Monitoring 
and  Analysis  Seminar  and  Meeting,  New  Orleans,  LA, 
April  7-9, 1981,  pp  1-9, 6  figs,  2  tables,  2  refs 

Key  Words:  Piping  systems.  Geometric  effects.  Fluid-induced 
excitetion.  Vibration  controi 

The  effect  of  piping  design  on  pulsation-induced  mechanical 
vibrations  is  discussed  along  with  associated  stretset. 


81-1687 

Vibration  Problems  in  Pipe  Systems:  Causes,  Conse¬ 
quences  and  Abatement 

J.P.M.  Smeulers 

Technische  Physische  Dienst  TNO-TH,  Delft,  The 
Netherlands,  Vibration  Tech.,  Ned.  Akoestisch 
Genocftschap.  pp  36-45  (Jan  1980) 

N8 1-15402 

Key  Words:  Pipelines,  Pulse  excitation.  Computer  programs. 
Finite  element  technique 

Pipe  systems  were  investigated  on  pulsations  using  the 
analog  simulator  PULSIM.  A  finite  element  prcvram  was 
used  to  examine  the  response  of  the  pipe  system  on  the 
pulsation  induced  vibration  forces. 


81-1688 

Fres]uency  Response  Analysis  of  Fluid  Control 
Systems  for  Parabolic-Trough  Solar  Collectors 

R.  Schindwolf 


Sandia  Natl.  Lab.,  Albuquerque,  NM,  ASME  Paper 
No.  80-WA/SOI-15 

Key  Words:  Solar  cells.  Pipelines,  Frequency  response 

This  paper  derives  a  linearized  steady-state  frequency  re¬ 
sponse  for  parabolic-trough  collectors  and  for  connecting 
piping  that  can  be  used  in  standard  gain-phasa  analysat  to 
evaluate  system  stability  and  closad-loop  frequency  rasponse. 
The  fraquency-raqionte  characteristics  of  a  typical  col¬ 
lector  string  and  piping  are  used  in  a  gain-phase  analysis 
to  get  some  insight  into  the  effect  on  system  stability  of 
various  system  parameters  such  as  controller  gain,  sensor 
and  controller-time  conitants,  and  sensor  location. 


81-1689 

Themtal  Onset  of  Oacillation  in  a  Pipe  Containing 
Heat  Sources 

H.  Nomoto  and  Y.  Katto 

Turbine  Works,  Toshiba  Corp.,  2-4  Suehiro-cho, 
Tsurumi,  Yokohama,  Japan,  Bull.  JSME,2.4.  (188), 
pp  388-395  (Feb  1981)  14  figs,  15  refs 

Key  Words:  Pipes  (tubes).  Thermal  excitation.  Self-excited 
vibrations 

A  self-excited  oscillation  in  a  pipe  co.itaining  heat  sources 
has  been  studied  both  experimentally  and  theoretically. 
Various  parameters,  total  pipe  length,  relative  location  of 
heat  sources,  configuration  of  heat  sourest  and  to  on  have 
been  clarified  through  quantitative  experiments  concerning 
the  onset  of  an  oscillation  with  three  Kinds  of  gaees,  air, 
helium,  and  carbon  dioxide.  A  new  type  of  critical  curva 
with  pressure  and  temperature  difference  between  the 
hast  sources  it  presented  in  this  paper. 


DUCTS 


81-1690 

Error  Analyaia  of  Spectral  Eatiroatea  with  Applica¬ 
tion  to  the  Meaaurefnent  of  Acoustic  Parametera 
Catng  Random  Sound  Fielsb  in  Ducts 

A.F.  Seybert  and  B.  Soenarko 
Dept,  of  Mech.  Engrg.,  Univ.  of  Kentucky,  Lexing¬ 
ton,  KY  40506,  J.  Acoust.  Soc.  Amer.,  £2.  (4),  PP 
1190-1199  (Apr  1981)  10  figs,  12  refs 
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K«y  Words:  Ducts,  Error  andysls,  Msssursmsnt  tschniquss. 
Acoustic  piopsrtiss.  Acoustic  spectre,  Spcetrel  energy 
distribution  techniques 

Seveiei  methods  hsee  been  propoeed  using  multipie-point 
pressure  meesurement  of  rendom  sound  fieldt  in  ducts  to 
determine  ecoustic  properties  of  meterieis  end  systems.  This 
psper  presents  en  error  enelysis  of  the  spectrei  estlmetes 
used  in  these  techniques.  Expressions  for  the  normei  ecous- 
tic  sbeorption  coefficient  etxl  impedence  ere  derived  for  e 
rendom  sound  field  in  e  duct.  Theory  is  developed  to  deter¬ 
mine  the  bies  end  rendom  errors  in  estimeting  the  spectre! 
density  function  for  plene-VMM  propegetion  In  the  duct. 
A  biveriete  stochastic  proenss  has  been  ampioysd  to  model 
the  acoustic  tystsm.  Experhv'.antal  and  thaoratical  celeuta- 
tkxis  show  that  minimum-bias  error  can  be  achieved  by 
using  e  small  bandwidth  in  estimating  the  spectra  end  by 
locating  the  microphones  close  to  the  sample.  Furthermore, 
random  error  can  be  minimized  by  matiitaining  a  high  co¬ 
herence  between  microphone  sigruHs. 


BUILDING  COMPONENTS 


8M691 

A  LiBeariBatkiB  Tedukpie  for  the  DyHamk  Reapoaae 
of  NoalBMar  CoBtiaua 

C.M.  Krousgrill,  Jr. 

California  Inst.  Tech.,  Ph.D.  Thesis,  133  pp  (1981) 
UM-8105124 

Key  Words:  Structural  members.  Equivalent  linearization 
method,  Hermonk  excitmion,  Rendom  excitation,  Beems, 
Plates 

The  efforts  of  this  dissertation  are  directed  toward  the 
development  of  a  technique  for  undarstarxling  the  dynamk 
resportse  of  structural  siamants  governed  by  nonlirtear  partial 
differential  squations.  This  technique  it  bated  on  the  con¬ 
cepts  of  the  equivalent  linearization  method  which  relies  on 
ofatainirsg  an  optimal  linear  set  of  equationt  to  rrtotfel  the 
original  nonlinear  set.  In  this  methrxl,  the  linearization  it 
performad  at  the  oorrtirHium  level.  At  this  level,  the  equiva¬ 
lent  linear  stiffness  and  oampirsg  parameters  are  physically 
realizable  and  are  defined  in  such  a  way  that  the  method 
can  be  easily  incorporated  into  finite  element  computer 
coties.  Three  different  approaches  to  the  method  art  taken 
with  each  approach  based  on  the  minimization  of  a  distinct 
differerroe  between  the  nonlinear  system  and  its  linear 
raplacamant.  ExistsrKa  and  uniqueneas  properties  of  the 
minimizatkm  solutions  are  establithad. 


81-1692 

Dyunk  Stability  of  Stnactiinl  Eksneati  S«lifecto4 
to  Step  Loads 


C.A.  Lazopoulos 

Georgia  Inst.  Tech.,  Ph.D.  Thesis,  186  pp  (1980) 
UM  8106073 

Kay  Words:  Structural  members.  Step  response,  Dynamk 
buckling 

The  purpose  of  the  present  work  is  to  investigate  the  con¬ 
cept  of  dynamk  stability  of  structural  elements  subjected  to 
step-loads  arxl  to  develop  the  ralatad  criteria  arxi  estimates 
for  finding  critical  conditions. 


ELECTRIC  COMPONENTS 


MOTORS 


81-1693 

A  Case  Study  of  Mecbiukal  aud  Magnetic  lutei^ 
action  iu  a  Two-Pole  luductioii  Motor 

J.D.  Hailoran 

Turbocompressor  Div.,  Joy  Machinery  Co.,  Buffalo, 
NY  14227,  Proc.,  Machinery  Vibration  Monitoring 
and  Anaiysis  Seminar  and  Meeting,  New  Orleans, 
LA,  April  7-9,  1981,  pp  61-67,  5  figs,  1  table,  4  refs 

Key  Words:  Motors,  Induction  motors.  Synchronous  vibra¬ 
tion 

Vibration  data  from  a  partkulsr  two-pole  Induction  motor 
are  presented  and  discussed.  This  motor  showed  significant 
levels  of  both  rotor  synchronous  arxf  line  synchronous 
vibrations.  Interpretations  are  made  of  the  motions  involved 
in  this  mechanical  and  magnetk  interaction.  Conclusions  are 
derived  in  the  form  of  the  necessary  test  methods  which 
would  have  defined  the  existence  and  extent  of  this  vibra¬ 
tion  problem  during  acceptance  testing  at  the  venrior's  plant. 


81-1694 

Attanptiuf  to  Recover  am  Electric  Motor 

KJ.  Laurent 

Shell  Oil  Co.,  Norco,  LA,  Proc.,  Machinery  Vibration 
Monitoring  and  Analysis  Seminar  and  Meeting,  New 
Orleans,  LA,  April  7-9, 1981,  pp  69-72, 3  figs 
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K«y  Wordi:  Moton.  BMfii  S;*,  Alignmant,  LooMning  Sta¬ 
bility 

Thit  paptr  pntantt  a  cat*  nudy  of  tha  problami  ancounttrad 
in  attampting  to  racovar  larga  aiactric  motor  aftar  a  aavara 
baaring  failuia.  Tha  ptoblama  induda  intamal  miaaUgnmant, 
machanical  looaanaaa  and  rotor  inatability.  Tha  tachniquaa 
uaad  in  data  aoquiaition  and  analvda  and  tha  atap  by  atap 
approach  toward  raaolving  tha  probiama  ara  diacuaaad  and 
documantad  in  datail. 


DYNAMIC  ENVIRONMENT 


ACOUSTIC  EXCITATION 

(Also  aee  Not.  1611.1612,1613.1614.1633) 


81-1695 

Acowtie  Radialioii  Force  on  a  Soiiri  Elaatic  Sfihere 
in  a  SplMiical  Wave  Field 

T.  Hasegawa,  M.  Ochi,  arxl  K.  Matsu/:awa 
Faculty  of  Science,  Ehime  Univ.,  Matsuyama,  Ehime 
790,  Japan,  J.  Acoust.  Soc.  Amer.,  (4^  pp  937- 
942  (Apr  1981)  9  figs,  14  refs 

Kay  Wotdt;  Sound  warn,  Elaatic  wavat,  Wava  propagation, 
Sound  praaaurat,  Spharat 

Tha  acouitic  radiation  forca  on  a  homoganaoui  aolld  tphara 
placad  fraaly  in  a  apharical  aound  fMd  in  an  Inviacid  fluid  la 
calculatad;  tha  affact  of  tha  alaaticity  of  tha  nrhara  matarial 
li  itudiad.  Calculatad  raaulti  ara  praaantad  for  a  variaty  of 
•olid  n>haraa  in  waiar.  Quita  dlatiiKtlM  raaonancadaparturaa 
from  tha  rigid  tphara  solution  ara  found. 


81-1696 

Unifoimly  Accnrate  Deaciiption  of  Finite  AmpUtnde 
Sonnd  Radiation  froan  a  Hannotiically  Vibrating 
fUauur  Boundary 

J.H.  Ginsberg 

School  of  Mech.  Engrg.,  Georgia  Inst.  Tech.,  Atlanta, 
GA  30332,  J.  Acoust.  Soc.  Amer.,^  (4),  pp 929-936 
(Apr  1981)  5  figs,  22  refs 

Kay  Woida:  Sound  wavat,  Elaatic  wavat.  Harmonic  excita¬ 
tion 


Tha  valocity  poiantlal  for  tha  two-dbnanaional,  finitn  ampll- 
tuda  aoouatic  wavat  induced  by  harmonic  excitation  on  a 
region  In  an  infinita  baffle  waa  obtained  aarllar.  That  anaiy- 
iia,  which  rapraaantad  the  raaponaa  In  terma  of  a  continuoua 
n>actnim  of  wavtmumbart  parallal  to  tha  boundary,  waa 
valid  only  for  llrnittd  dlatatwat  from  tha  boundary.  Tha 
currant  analytia  amploya  tha  partuibation  method  of  ra- 
normalixation  to  dariv3  axpratalona  for  tha  praatura  and 
partlcla  velocity  that  ate  uniformly  accurate  up  to  tha 
location  whara  a  shock  forms.  Tha  raaponaa  conaiata  of 
radiativt  and  avanaacant  wavat,  with  nonlinearity  being 
significant  only  for  tha  former.  Tha  solution  it  daacrlbad 
at  inveraiona  of  Fourier  coaino  transfontN  which  faatura 
a  straining  tranaformatlon  of  the  spaca-tima  coordinates. 
A  quantitathm  axampla  for  tha  cats  of  an  intense  high- 
fraquancy  excitation  Is  shown  to  lead  to  a  sound  beam  in 
which  tha  nonlinear  distortion  is  asymmetrical  batwaan 
tha  comprasaion  and  rarefaction  phases. 


81-1697 

Scatteriag  of  Trauaent  Acosiatie  Waves  by  aa  la- 
bomogetMosu  Obetade 

G.C.  Herman 

Dept.  Electrical  Engrg..  Lab  Electromagnetic  Hes., 
Delft  Univ.  Tech.,  P.O.  Box  5031,  2600  GA  Delft, 
The  Netherlands,  J.  Acoust.  Soc.  Amer.,  ^  (4), 
pp  909-915  (Apr  1981)  8  figs,  1  table,  11  refs 

Kay.  Words:  Sound  waves,  Elaatic  waves.  Wave  diffraction 

A  mathod  is  daaertOad  to  oomputs  i:ia  scattering  of  tran¬ 
sient,  scalar,  acoustic  wavat  by  arbitrarilv  shaped,  thiaa- 
diiTtanaional,  inhomoganaoua,  panatrabla  obfacta  of  bounded 
extant.  Tha  problem  It  fonmilaiad  In  terms  of  a  voluma- 
Intagral  aquation  over  tha  interior  of  tha  acattarer.  This 
integral  aquatior:  it  tolvad  numerically  by  tha  marchlng- 
on-in-tlme  mathod.  Comparison  It  mada  with  analytical 
results  for  a  spherical,  homoganaout  scattarar,  whia  soma 
numerical  racuitt  for  tcattarart  of  diffarant  shapat  are  pia- 
tentad. 


81-1696 

Reflectioa  mi  Traumiaaoa  of  Acoaatie  Waves  by 
tbe  Periodic  biteiface  Betweea  a  SoM  aaii  a  Fhud 

J.T.  Fokkema 

Dept.  Electrical  Engrg.,  Delft  Univ.  Tech.,  Delft, 
The  Netherlands,  Wave  Motion,^  (2),  pp  145-157 
(Apr  1981 )  8  figs,  4  tables,  9  refs 

Kay  WOrdK  Sound  wms.  Elastic  wavn,  Sound  reflection, 
Sound  tranamiation,  IntarfOca:  toild-fluld 
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Th*  redfitribution  of  Kouitic  tntrgy  incidtnt  on  •  ipMitlly 
parlodic  inttrfact  botwMn  •  lolid  and  a  fluid  it  invaitigatad 
theontically.  Tha  main  tools  in  tha  analyilt  ara  tha  alatto- 
dynamic  Graan-typa  intasral  ralationt.  Ona  of  thata  ralationt 
it  a  vectorial  integral  aquation  from  which  tha  alattodynamic 
field  quantitiet  can  be  datarminad.  Tha  tolid-madkim  part  of 
It  It  identical  to  tha  caia  of  the  interface  between  two  tolidt 
invattigated  in  a  previout  paper,  tha  fluid-medium  part,  how¬ 
ever,  needi  reformulation.  Numerical  reeultt  are  pretanted  for 
the  linuioidal  interface  between  granite  and  tea  water.  Tha 
computation!  have  been  carried  out  for  four  different  helghtt 
of  tha  periodic  profile  (tha  plane  intarfaca  irtcluded),  a  tingle 
frequency  of  operation  and  the  three  types  of  excitation. 


8M699 

Dynamic  Streaa  Concentrationa  of  Cylindncal  Cavitiea 
with  Sharp  and  Smooth  Boundariea:  1.  SH  WavM 

D.J.N.  Wall,  V.V.  Varadan,  and  V.K.  Varadan 
Wave  Propagation  Group,  Dept.  Engrg.  Mechanics, 
Ohio  State  Univ.,  Columbus,  OH  43210,  Wave 
Motion,  2.  (2),  PP  203-213  (Apr  1981)  11  figs,  1 
table,  1 1  refs 

Kay  Words:  Shear  waves.  Elastic  wavat.  Wave  dirfrKtiun, 
Cavity-containing  media.  Dynamic  stress  concentration 

This  paper  damonttratM  a  method  for  the  calculation  of  tha 
dynamic  stress  concentration  factor  when  a  time-harmonic 
elastic  wave  it  incident  upon  a  cylindrical  cavity  of  arbitrary 
crott-tection.  A  procedure  which  anablas  cross-sectional 
shapes  with  corners  to  ba  examined  it  diecusaad.  it  it  shown 
that  for  scattarers  with  corners  a  piecewise  basis  mutt  be 
chosen  to  represent  the  surface  displacement.  The  algebraic 
system  of  equations  obtained  from  the  Integral  equations 
and  appropriate  constraints  on  the  basis  rapresentation  ara 
than  sufficient  to  determine  the  stress  corwentration  unique¬ 
ly.  Results  are  given  for  cylindrical  cavities  with  square, 
elliptic  and  intersacting  circular  cross  tactions  for  SH  wwe 
incidence. 


81-1700 

Propagatkm  of  Plane,  Cylindrical  and  Spherical 
Finite  Amplitude  Wavea 

D.H.  Trivett  and  A.L.  Van  Buren 
Underwater  Sound  Reference  Detachment,  Naval 
Res.  Lab.,  P.O.  Box  8337,  Orlando,  FL  32856,  J. 
Acoust.  Soc.  Amer.,  TO  (4),  pp  943-949  (Apr  1981) 
1 1  tigs,  2  tables,  14  refs 


Kay  Words:  Wave  propagation.  Spherical  waves.  Frequency 
domain  method 

A  numerical  solution  to  tha  generalized  Burgers'  radial  wave 
equation  hat  bean  davalopad;  it  allows  ona  to  calculate 
stepwlH  tha  harmonic  content  of  a  finite  amplitude  wave 
In  tha  frequency  domain  for  tha  caM  of  plane,  cylindrical, 
or  spherical  geometry.  Tha  finite  amplitude  wave  may  have 
any  initial  harmonic  content  with  arbitrary  phase,  and  tha 
absorption  coefficiant  of  each  harmonic  it  independently 
adiustable.  Remaining  in  tha  frequency  domain  allowt  a 
much  larger  step  than  conventional  algorithms,  which  alter¬ 
nate  between  tha  time  and  frequency  domains.  Tha  algorithm 
it  used  to  investigate  the  affect  of  a  large  second-harmonic 
absorption  coefficiant  on  saturation  suppression  and  to 
investigate  the  farflald  behavior  of  spherical  waves. 


81-1701 

Resonance  Phenomena  of  Lamb  Wavea  Scattering 
by  a  Finite  Crack  in  a  Solid  Layer 

S.l.  Rokhlin 

Dept,  of  Materials  Engrg.,  Ben-Gurion  Univ.  of  the 
Negev,  Beer  Sheva,  Israel,  J.  Acoust.  Soc.  Amer., 
S9  (4),  pp  922-928  (Apr  1981)  9  figs,  8  refs 

Key  Words:  Waveguides,  Lamb  waves.  Wave  diffraction. 
Cracked  madia.  Acoustic  resonance 

Tha  paper  it  concerned  with  diffraction  of  Lamb  wnret  by 
a  finite  crack,  parallel  to  surfaces,  in  an  alaatic  layer.  Tha 
solution  it  constructed  by  tha  method  of  multiple  diffrac¬ 
tions  at  tha  edgn  of  tha  crack.  It  it  shown  that  tha  solution 
it  kfantical  with  tha  solution  obtained  prevtously  by  tha 
generalized  Wiener-Hopf  method.  The  resonance  phenomena 
associated  with  the  diffraction  of  Lamb  waves  by  a  finite 
crack  are  analyzed.  Tha  contribution  of  the  different  Lamb 
wavat,  ganeiatad  in  the  crack  zona,  to  tha  transmitted  and 
reflected  fields,  is  considered.  An  appmximation  of  the 
solution,  associated  with  incorporation  of  a  finite  number 
of  Lamb  wMet,  excited  in  tha  region  of  tha  layer  occupied 
by  tha  crack  it  ditcussad.  SImpla  approximate  aquations  art 
presented  for  resonance  frequencies. 
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Calibration  Tecluiis|He  for  Acoustic  Scattering  Mea- 
suraanentt 
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(Apr  1981)  5  figs,  21  refs 
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Key  Wordi:  Underweter  sound.  Acoustic  scattering.  Measure¬ 
ment  techniquN,  Caiibrsting 

Tungsten  carbide  spheres  are  used  as  caiibration  targets  in 
iaboratory  acoustic  scattering  measurements.  Though  the 
steedy-state  response  of  eny  metal  sphere  in  water  greatly 
differs  from  a  rigid  body  return,  over  almost  the  entire 
frequency  spectrum,  the  rigid  body  and  elastic  returns  can 
be  seperstsd  in  a  short  pulse,  broadband  experiment.  This 
rigid  body  echo  can  then  be  used  as  a  reference  to  normallta 
the  scattering  returns  from  targets  of  interest. 
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Shadowing  by  Finite  Noiae  Barriers 

H.  Medwin 

Physics  and  Chemistry  Dept.,  Naval  Postgraduate 
School,  Monterey,  CA  93940,  J.  Acoust.  Soc.  Amer., 
69  (4),pp  1060-1064  (Apr  1981)  9  figs,  15  refs 

Key  Words:  Noise  shielding.  Noise  reduction.  Prediction 
techniques 

A  technique  is  described  for  calculating  the  acoustical  shad¬ 
owing  due  to  finite  barriers.  The  method  is  an  extension  of 
the  Biot  -  Tolstoy  rigorous  closed-form  impulse  solution 
for  diffraction  of  point-source  radiation  by  an  infinite  rigid 
wedge.  By  diKrete  Fourier  transformation,  spectral  predic¬ 
tions  ere  obtained  which  ere  closer  to  experimental  results 
then  previous  schemes  for  infinite  barriers.  Furthermore, 
the  limitations  of  the  Kirchoff  Assumption  ere  avoided,  so 
that  accurate  predictions  can  be  made  for  c^tmpliceted 
finite  barriers.  Comparisons  of  theory  and  experiment  are 
shown. 
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ReductioH  of  Sound  Emiiaion  in  a  Hollow  Sectional 
Steel  by  Damping  (Vemiindening  der  Schailabatrah- 
lung  einea  HohIprofilstahU  dutch  Bedlmpfiing) 

G.  Rau 

Zentralinstitut  f.  Arbeitsschutz,  Dresden  Leitstelle 
f.  Larm-  und  Schwingungsabwehr,  German  Dem. 
Rep.,  Maschinenbautechnik,  22.  (12),  pp  564-565 
(Dec  1980)  4  figs,  1  table,  4  refs 
(In  German) 

Key  Words:  Noise  reduction,  Sound  power  levels,  Steel, 
Damping  materials.  Foams 

This  article  deals  with  measurements  of  the  sound  power 
level  referred  to  force  of  a  hollow  sectional  steal  damped 


diversely.  Reduction  of  sound  amission  depends  upon  mass 
and  adherence  of  used  damping  material. 


SHOCK  EXCITATION 


81-1705 

Inelastic  Tonional  Response  of  Stnictures  Sub¬ 
jected  to  Earthquske  Ground  Motions 

Y.  Yamazaki 

Earthquake  Engrg.  Res.  Ctr.,  California  Univ.,  Berke¬ 
ley,  CA,  Rept.  No.  UCB/EERC-80/07,  NSF/RA- 
800193,  165  pp  (Apr  1980) 

PB8 1-1 22327 

Key  Words:  Seismic  excitation.  Earthquake  response.  Tor¬ 
sional  remense 

The  objectives  of  this  paper  are  to  identify  the  basic  param¬ 
eters  which  control  the  earthquake  response  of  torsionally 
coupled  systems  composed  of  resisting  elements  providing 
force  interaction  during  yielding;  to  darlfy  differences  In 
response  between  systems  subjected  to  singlecomponent 
ground  motion  and  systems  subjected  to  double-component 
ground  motion;  to  clarify  differences  !n  response  among  an 
elastic  system,  an  elesto-plattic  system  without  force  Inter¬ 
action,  and  an  elasto-plastic  system  with  force  Interaction; 
and  to  evaluate  the  effects  of  magnitude  of  eccentricity  and 
magnitudes  of  yield  shear  forces  on  the  response  of  elasto- 
plastic  systems  with  force  Interaction.  A  single-story  struc¬ 
ture  with  a  rectangular  deck  and  four  resisting  elements  was 
used  to  examine  these  objectives. 


81-1706 

Seiaank  Safety  Maifiiu  Reaeaicb  Prograan,  Phaae  1. 
Project  5.  Stnictural  Sub-Syatem  Reaponae:  Sub- 
ayatean  Reaponae  Review 

J.  Fogelquist,  M.  Kaul,  R.  Koppe,  S.W.  Tagart,  Jr., 
H.  Thaller,  and  R.  Uffer 

Nuclear  Services  Corp.,  Campbell,  CA,  UCRL-15215, 
107  pp  (Mar  1980) 

N8M5158 

Key  Words:  Seismic  response.  Prediction  techniques 

Subsystem  response  uncertainty  was  characteritad  by  uaa 
of  a  dimenslonlefa  K  factor  (tha  ratio  of  actual  aalamic 
response  to  predicted  seismic  response).  This  K  factor  was 
treated  at  a  random  variabla  In  order  to  define  quantitative 
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dtgraw  of  comttvstiwn,  noncontorvitim,  Mparation  of  VIBRATION  EXCITATION 

random  and  modaling  uncartainty,  and  nonlinaar  affact*.  (Alto  aaa  Not.  1606, 1781, 1787, 1788, 1706) 

Significant  obiarvationt  art  raportad. 


81.1707 

Intrinaic  Deaciiption  of  Three-Diniaiiioadl  Shock 
Wavea  ia  Noaliaear  Elaatic  Fluida 

T.C.T.  Ting 

Univ.  Illinois  at  Chicago  Circle,  Chicago,  IL  60680, 
Inti.  J.  Engr.  Sci.,  19  (5),  pp  629.638  (1981)  9  refs 


81-1709 

Aaaiyiia  of  UHCteady  Preaaure  Meaaawmaata  oa  aa 
Aerofoil  Seetioa  with  aa  Hannoaically  Oaeiilataifi 
Slotted  Flap 

K.  Kienappel  and  D.F.  Round 
Deutsche  Forschungs-  und  Versuchsanstalt  fuer 
Luft-  und  Raumfahrt  e.V.,  Goettingen,  Fed.  Rep. 
Germany,  Rept.  No.  DVFLR-FB.80-22,  66  pp 
(Apr  1981) 

N81-13929 


Key  Wordt;  Shock  WMt  propagation 

The  trana>ort  aquationi  for  tha  amplituda  of  S-dimantional 
shock  waves  in  nonlinaar  alaitic  fluids  are  examined.  It  is 
shown  that,  with  the  exception  of  tha  term  which  contains 
tha  mean  curvature  of  tha  shock  surface,  the  transport 
aquations  are  almost  idanticai  to  tha  transport  equations  for 
l^dimensional  nonlinear  elastic  solidt.  The  stress,  strain  and 
velocity  in  thn  latter  are  replaced  by  tha  pressure,  specific 
volume  artd  normal  velocity,  respectively.  Therefore,  the 
results  obtained  for  1<limentional  shock  waves  regarding 
whether  the  amplitudes  of  jump  in  stress,  strain  and  velocity 
grow  or  decay  simultaneously  can  be  applied  hare  to  tha 
jump  in  pressure,  specific  volume  and  normal  velocity.  New 
compatibility  equations  are  obtained  for  tha  velocity  gradi¬ 
ents  behind  the  shock  wave. 


Key  Words:  Airfoils,  Aerodynamic  charactaristics.  Control 
equipment.  Harmonic  response 

An  analysis  is  made  of  unsteady  prassura  distribution  and 
aerodynamic  coefficients  measured  for  an  airfoil  and  har¬ 
monically  oscillating  slotted  control  surface  in  a  low  spaed 
wirxf  tunnel.  The  influences  on  the  pressure  distribution 
and  aerodynamic  coefficients  are  axaminad;  frequency  of 
oscillation;  flap  steady  daflaction;  taction  IncidstMs;  flow 
velocity  artd  slot  geometry,  i«.  whether  the  slot  It  open  or 
cloeed.  Thera  is  a  carry  over  between  steady  and  unsteady 
pressure  distributlorH,  which  although  small  at  low  incidanoe 
and  flap  deflections,  baoomas  more  important  at  higher 
vaiuet,  particularly  when  separation  relatsd  effects  begin 
to  affect  the  overall  flow  behavior. 


81-1706 

Paiameten  Affectiiig  the  Relaxation  Zone  Behinti 
Normal  Shock  Waves  in  a  Dtiaty  Gaa 

0.  Igra  and  G.  Ben-Oor 

Dept,  of  Mech.  Engrg.,  Ben  Gurion  Univ.  of  the 
Negev,  Beer  Sheva,  Israel,  Israel  J.  Tech.,  18  (3-4), 
pp  159-168  (1980)  4  figs,  2  tables,  22  refs 

Key  Words:  Shock  wave  propagation 

A  numerical  solution  for  tha  problem  of  shock  wave  propaga¬ 
tion  into  a  dusty  gas  is  presented  for  a  steady  one-dimension¬ 
al  case.  The  solution  focuses  on  tha  extent  of  tha  relaxation 
zone  length  and  identifiet  the  parameters  affecting  it.  It  It 
shown  that  for  high  shock  Mach  numbars,  radiativo  heat 
transfer  plays  an  important  roia  and  should  therefore  be 
included  in  tha  energy  balance  aquations  of  the  flow.  A  few 
different  corralatiom  for  tha  particle  drag  coefficient  and  its 
Nusseit  number  are  preeentad  and  their  influence  on  the 
extent  of  tha  relaxation  zone  length  is  dlscuseed. 


81-1710 

Chaotically  TraMttkHial  FheaioiiiMia  in  the  Forced 
Negathre-Reasftance  Oacillntor 

Y.  Ueda  and  N.  Akamatsu 

Nagoya  Univ.,  Inst.  Plasma  Physics,  Japan,  Rept. 
No.  IJJP-482, 38  pp  (Oct  1980) 

N8M4842 

Key  Words:  Self-excitsd  vibrations.  Periodic  excitation, 
Synchrortous  vtoration,  Nonsynchronous  vtoiation 

When  a  periodic  excitation  is  injactad  into  the  salf-aacillatorv 
system,  either  synchronized  periodic  oecillatlon  or  asyn¬ 
chronized  nonperiodic  oecillatlon  comes  out.  Among  the 
latter  type  of  oscHlstiona,  chaotic  oscillation  frequantly 
takes  place  which  Is  different  from  abnott  pariodic  oacHla- 
tions.  Experimentai  studies  using  analog  and  digital  com- 
puten  were  out  to  clarify  tha  diffarertca  batsveen  the  almost 
periodic  oaclllstions  and  the  chaotically  transitionai  pro- 
casaas.  Various  strange  attractors  representing  chaotically 
transitional  procaases  and  their  average  power  gtcctra  ace 
given,  discuasad,  and  compared  with  the  results  obtairtsd 
in  the  forced  oscillatory  systams. 
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8M711 

HydMIyaaMe  PreMire  md  Added  Mam  for  Axtiyni- 
metric  Bodiea 

F.  Nilrat 

Earthquake  Engrg.  Res.  Ctr.,  California  Univ.,  Berke¬ 
ley,  CA,  Rept.  No.  UCB/EERC-80/12,  174  pp  (May 
1980) 

PB8M  22343 

Key  Words:  Axitymmctric  bodiet,  Fkiid-indiiced  Mcitation. 
Finite  eiement  technique,  Computer  programi 

An  effective  finite  element  method  for  determining  the 
hydrodynamic  pratiura  distribution  on  rigid  axisymmetric 
bodies  osciilating  in  a  fiuid  is  presented.  The  bodies  con¬ 
sidered  are  symmetric  about  a  vertical  axis;  and  they  can 
be  either  totaliy  or  partialiy  submerged. 


81-1712 

A  Rcaponae  Spectfum  Method  for  Random  Vibra- 
tioaa 

A.D.  Kiureghian 

Earthquake  Engrg.  Res.  Ctr.,  California  Univ.,  Berke¬ 
ley,  CA,  Rept.  No.  UCB/EERC-80/15,  NSF/RA- 
800201, 49  pp  (June  1980) 

PB81-122301 

Key  Words:  Random  vibration.  Response  spectra.  Earth¬ 
quake  respo  je 

A  response  spectrum  method  for  stationary  rartdom  vibration 
analysis  of  iinear  structures  is  deveioped.  The  method  is 
based  on  the  assumption  that  the  input  excitation  is  a  wide¬ 
band  stationary  Gaussian  process  and  the  response  it  alto 
stationary.  However,  it  can  also  be  used  as  a  good  approxima¬ 
tion  for  the  rasponsa  to  a  transiant  stationary  Gaussian  input 
with  a  duration  snreiai  times  longer  than  tfia  fundamental 
period  of  the  ttnicture.  Various  ratponea  quantities,  in¬ 
cluding  the  mean-squares  of  the  response  and  its  time  derivs- 
tiva,  the  response  mean  frequartcy,  and  the  cutiwlathrs 
distribution  and  the  nrtaan  arxf  variance  of  the  peak  response 
are  obtained  in  temris  of  the  ordinates  of  the  mean  rasponsa 
spectrum  of  the  input  excitation  and  the  modal  properties 
of  the  structure.  The  formulation  includes  the  crosecor- 
relation  between  modal  responaas,  which  are  shown  to  be 
significant  for  modes  with  closely  spaced  natural  frequencies. 
The  proposed  procedure  is  demonstrated  for  an  sKample 
ttnicture  that  is  subjactad  to  earthquake  induced  base 
excitations. 


81-1713 

A  Method  of  Calcalalmg  the  Vibratory  Rmptmae  of  a 
RiptI  Body  to  Aibitraiy  Exeitatkm.  Part  1.  Maahmmi 
of  4  Sepporta  Exertiag  Loaptudhiri  CoastrMBt  Oaly, 
Arbitrary  Locatkw  aad  DirectitNi 

D.W.  Parkins 

Dept,  for  the  Design  of  Machine  Systems,  Cranfield 
Inst.  Tech.,  UK,  Rept.  No.  DDMS/INTERNAL 
NOTE-1, 32  pp  (July  1980) 

PB8 1-1 26658 

Key  Words:  Constrained  structures,  Multidegrse  of  freedom 
systams.  Vibration  response.  Computer-aided  techniques 

This  report  datcribet  a  method  of  calculating  the  vibratory 
response  of  a  rigid  body  having  six  degrees  of  freedom.  Any 
oscillatory  excitation  force  or  moment  can  be  representad  by 
choosing  an  appropriate  combination  of  the  aieclfiad  forces 
and  momants  and  their  rolathro  phase.  A  maximum  of  four 
support  mountings  may  be  modeled.  Each  support  may 
indepandentiy  be  attached  at  any  location,  have  Its  principal 
direction,  and  have  any  property  up  to  that  of  a  full  Maxwell 
model.  Calculation  output  comprises  rectHInsar  and  angular 
displacsmants  with  thair  relative  phase,  and  36  raceptanca 
terms,  at  any  given  frequency.  The  method  It  suited  to 
solution  by  digital  computer. 


81-1714 

A  Method  of  CakalatiBg  the  Vibratory  Reipoue  of  a 
Rigid  Body  to  Aridtivy  Excitatioo.  Put  2.  Aay 
Namber  of  Sopporta  Exerliag  Loaptadbiri  wd 
Lateral  Coastrabit,  Arbitrary  Locatioa  wd  DirectioB 

D.W.  Parkins 

Dept,  for  the  Design  of  Machine  Systems,  Cranfield 
Inst.  Tech.,  UK,  Rept.  No.  DDMS/INTERNAL 
NOTE-2, 32  pp  (July  1980) 

PB81-126682 

Key  Words:  Constrained  structures,  Multidsgree  of  freedom 
systems.  Vibration  responsa,  Computar-aidsd  techniquas 

This  report  describes  e  method  of  calculating  the  osclllatafv 
rasponsa  of  a  rigid  body  with  six  degrees  of  freedom  axeitad 
by  vibratory  force  or  momant.  There  may  be  any  number 
of  supports.  Each  support  may  be  attached  at  any  point  on 
the  body  aiKi  its  principal  axis  may  taka  any  direction. 
Constraining  forces  may  bo  axertad  in  both  paraiM  and 
perpandiculu  directions  to  the  support  prinelpal  axis.  Com¬ 
putation  output  comprisas  thirty-six  reoaptanoa  tarms 
and  reiathro  phase  at  any  given  frequency.  Ths  method 
It  axpressod  in  general  terms,  and  is  convenient  for  solution 
by  digital  contputer. 
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MECHANICAL  PROPERTIES 


DAMPING 

(Also  see  Nos.  1658, 1725,  1737) 


81-1715 

Fhikl  Danpiiig  for  Circular  Cylindrical  Structurea 

S.-S.  Chen 

Components  Tech.  Div.,  Argonne  Natl.  Lab.,  Ar- 
gonne,  IL  60439,  Nucl.  Engrg.  Des.,  63  (1),  pp  81- 
100  (Jan  1981)  21  figs,  1  table,  26  refs 

Kay  Words:  Cylinders,  Cylindrical  shells,  Viscous  damping. 
Submerged  structures.  Nuclear  reactor  components 

Fluid  damping  plays  an  Important  role  for  structures  sub¬ 
merged  in  fluid,  subjected  to  flow,  or  conveying  fluid.  This 
paper  presents  a  summary  of  fluid  damping  for  circular 
cylinders  vibrating  in  stationary  fluid,  cross  flow, and  parallel 
flow. 


81-1716 

Method  of  and  Apparatus  for  Damping  Nutation  Mo¬ 
tion  wiA  Minimum  Spin  Axis  Attitude  Disturbance 

H.  Hoffman 

NASA  Goddard  Space  Flight  Ctr.,  Greenbelt,  MD, 
PAT-APPL-6-182  881 , 21  pp  {Aug  29, 1980) 

Key  Words:  Spacecraft,  Nutation  damper 

A  method  for  damping  nutation  of  a  spinning  spacecraft  it 
described.  The  spin  axis  attitude  dliturbances  ware  eub- 
etantially  reduced  by  controlling  at  least  one  nutation  damp¬ 
ing  gat  thnittar  to  fire  with  nonuniform  get  pulses.  During 
the  beginning  of  e  nutation  control  taqusnce,  tha  duration 
of  tuccstsiva  gat  pulses  was  gradually  increatad  from  zero 
to  a  predetermined  maximum  duration.  The  duration  of 
tuocettive  pulses  was  then  maintained  constant  for  a  time 
period.  At  the  end  of  the  nutation  control  tequance,  tha 
duration  of  tuccestlvs  gat  pulses  was  gradually  reduced  to 
zero. 


FATIGUE 

(Also  see  Nos.  1600, 1603, 1625, 1787, 1788, 1795) 


81-1717 

Study  of  the  Effect  of  Underatreas  on  Fatigue  Life 
of  Smooth  Specimen  of  Carbon  Steel  under  Rotating 
Bending  and  Reversed  Torsion  (On  Behaviour  of 
Crack  Propagation) 

K.  Tolcaji,  Z.  Ando,  and  T.  Yamada 
Faculty  of  Engrg.,  Gifu  Univ.  3-1,  Nalcamonzencho, 
Kagamigahara,  Gifu,  Bull.  JSME,  24  (188),  pp  273- 
281  (Feb  1981)  10  figs,  4  tables,  22  refs 

Key  Words:  Fatigue  life,  Steel,  Crack  propagation 

Two  stress  step  multiple  tests  Including  understrets  are 
carried  out  using  smooth  specimens  of  two  kinds  of  carbon 
steel,  S10C  and  S45C,  under  rotating  bending  and  reversed 
torsion.  The  effects  of  undaittressing  on  creek  Initiation  and 
fracture  are  examined  and  discussed.  Cumulative  cycle  ratio 
for  crack  Initiation  and  fracture  calculated  by  Miner’s  rule 
decreases  with  decreasing  number  of  cycles  in  one  block. 
Understrassing  influences  the  crack  propagation  behavior 
more  strongly  than  the  crack  initiation  and  results  In  an 
increase  in  the  crack  propagation  rate  under  overatress  for 
smaller  number  of  cycles.  Acceleration  and  dacalsratlon 
phenomena  are  recognized  in  crack  propagation  behavior 
during  overstressing  Just  after  the  stress  changes. 


81-1718 

Fatigue  Life  Calculation  for  lucreaiing  or  Decreasing 
Vibration  Loail  Baaed  on  Two-Stage  Tecta  (Lebena- 
daueiberechnuag  fiir  mehratufig  ateigensie  oder 
falleade  Schwingbeiaatung  auf  tier  Gtundage  von 
Zweiatufenveiwchen) 

G.  Schott 

Technische  Universitat  Dresden,  Sektion  Grundlagen 
des  Maschinenwesens,  German  Dem.  Rep.,  Maschin- 
enbautechnik,  (12),  pp  566-569  (Dec  1980) 
8  figs,  2  refs 
(In  German) 

Key  Words:  Fatigue  life 

The  represented  caicualtlon  rrMthod  raaults  from  the  behavior 
of  fatigue  of  materials  In  two-stage  tests.  The  fatigue  state 
caused  by  a  preliminary  load  influencM  the  behavior  of 
fatigue  during  the  following  vibration  load.  The  residual 
life  values  still  existing  after  preliminary  load  at  the  Individ¬ 
ual  streu  valuee  can  be  read  off  sequential  Wohler  cunres. 
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8M719 

Fatigue  Integrity  AiaeMment 

T.V.  Duggan 

Dept.  Mech.  Engrg.  and  Nava!  Architecture,  Ports¬ 
mouth  Polytechnic,  Anglesea  Bldg.,  Anglesea  Rd., 
Portsmouth  P01  3DJ,  UK,  Inti.  J.  Fatigue, _3  (2), 
pp  61-70  (Apr  1981)  7  figs,  1  table,  28  refs 

Key  Words:  Fatigue  life.  Crack  detection.  Crack  propagation 

A  detailed  diicunion  of  ttudiei  made  on  the  fatigue  proceM  - 
with  an  emphaiit  on  those  appropriate  to  the  design  of  com¬ 
ponents  -  is  presented.  It  complements  works  concerned 
with  fatigue  integrity  which  have  been  published  praviously. 


81-1720 

Fatigue  Behaviour  under  Out-of-Phaae  Bensling  and 
Tonion 

D.L.  McDiarmid 

The  City  Univ.,  London,  UK,  Aeronaut.  J.,85  (842), 
pp  1 18-122  (Mar  1981)  6  figs,  1  table,  14  refs 

Key  Words:  Fatigue  life.  Flexural  vibration.  Torsional  vibra¬ 
tion,  Phase  effects.  Blades,  Propeller  blades.  Shafts,  Pro- 
pellars 

The  ability  to  design  components  such  as  drive  shafts,  pro¬ 
pellers  and  rotor  blades  to  carry  combined  bending  and 
torsion  alternating  stresses,  which  may  be  out-of-phase  is 
a  common  requirement  in  industry.  This  paper  extends 
the  application  of  the  theory  to  investigate  fatigue  under 
out-of-phase  bending  and  torsion  with  regard  to  the  stress 
conditions  on  the  planes  of  maximum  shear  stress. 


ELASTICITY  AND  PLASTICITY 


81-1721 

Fracture  Mechaiuca  and  Testing  of  Steel  for  Large 
Rotors 

A.  Freddi 

Engrg.  Faculty,  Univ.  Bologne,  Italy,  Inti.  J.  Fatigue, 
2  (2),  pp  71-76  (Apr  1981)  12  figs,  2  tables,  18  refs 

Key  Words:  Rotors,  Turbine  components,  Bteal,  Fracture 
properties 

A  method  is  presented  for  integrity  aseessmant  of  turbine 
rotors,  based  on  theoretical  and  experimental  evaluations. 


Based  on  the  results  of  tests  done  on  plastic  models,  an 
'equivalent'  ellipticsl  defect  is  Introduced  to  represent  two 
interacting  coplanar  defects.  A  fracture  mechsnict  method 
it  used  to  characterize  a  Ni-Cr-Mo-V  steel  turblrte  disc. 


EXPERIMENTATION 


MEASUREMENT  ANO  ANALYSIS 

(Also  see  Nos.  1690,  1746, 1781) 


81-1722 

An  Analyris  of  Vibration  Sensitivity  in  Hydrophone 
Design 

G.D.  Hugus,  III 

Naval  Res.  Lab.,  Washington,  D.C.,  Rept.  No,  NRL- 
MR-4295, 19  pp  (Nov  1980) 

AD-A092  809 

Key  Words:  Hydrophones,  Vibration  response,  Fluid-induced 
excitation 

Hydrophones  used  in  the  ocean  produce  spurious  outputs 
because  of  vibration  sensitivity  that  can  severely  degrade 
measurement  accuracy.  Sources  of  theta  vibration  inputs  are 
ocean  surface  wave,  flow  turbulence,  and  induced  non¬ 
acoustic  mechanical  vibration.  The  hydrophone  response  to 
these  vibrations  is  a  noise  voltage  output.  This  can  lead  to 
a  signal -to-noise  problem,  particularly  when  measurements 
of  smali  sound  pressure  levels  are  to  be  niade.  This  report 
presents  an  analysis  of  the  vibration  responses  of  three 
typical  piezoelectric  hydrophone  sensor  elements  configura¬ 
tions  and  gives  design  methods  and  constraints  for  reducing 
the  problem  of  vibration  sanaitivltv  to  an  aoceptabla  level. 
The  tensor  element  configurationt  anatyzad  are  the  radially 
polarized  cylindrical  shell.  The  anaiytlt  Is  cariiad  out  for 
two  effects.  First  an  alactromachanlcal  analysis  Is  given  of 
the  voltage  sentitivitv  of  each  of  the  three  tensor  configura¬ 
tions  to  the  inertial  effect  of  accalaratlon  Inputs.  The  second 
affect  analyzed  it  the  voitaga  aanaitMty  of  a  pretaura  asnai- 
tiva  tensor  element  to  the  hydrostatic  pressure  amplituda 
caused  by  periodic  vortical  diaplacamantt  of  a  hydrophoTM. 


81-1723 

Electroaic  CompouatioB  of  a  Foree  Tnuudhicer  for 
MeaMfiag  FI«M  Forces  Actiag  oa  m  Acceleratiag 
Cylinder 

K.G.  McConnell  and  Y.-S.  Park 
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Engrg.  Science  and  Mechanics  and  Engrg.  Res.  Inst.. 
Iowa  State  Univ.,  Ames,  lA  5001 1 ,  Exptl.  Mechanics. 
21  (4).  pp  169-172  (Apr  1981)  5  figs.  6  refs 

Kty  Words:  Traniducsn,  Intsfaction:  idkl-nuid 

Tht  paper  describes  a  low'cost  and  effective  means  of  ampli¬ 
fying  and  filtering  lowHavel  signals  as  wall  as  ramovlng 
acceleration  sensitivity  of  the  transducer. 


81-1724 

The  Meawiemeat  of  Traniaeat  Qiaagea  in  Rotor 
of  a  Microaynchionosu  Alternator 

D.W.  Auckland  and  R.  Shuttleworth 
Univ.  of  Manchester,  Manchester  M13  9PL,  UK, 
J.  Phys.  E.  (Sci.  Instr.),  H  (2),  pp  151-152  (Feb 
1981)  2  figs,  1  ref 

Kay  Words;  Measuring  instruments.  Transient  response. 
Rotors 

In  this  laboratory,  as  in  many  others,  the  performance  of 
large  turbo  alternators  is  studied  using  microsynchronous 
alternators  which  ara  scaled  models  of  practical  machines. 
An  imponant  aspect  of  a  machine's  behavior  is  the  manner 
in  which  Its  rotor  angle  changes  following  a  severs  transient 
disturbance  near  Its  terminals.  An  instrument  for  accurate 
measurement  of  transient  changes  in  the  rotor  angle  of  a 
micro-alternator  without  the  machine  having  to  be  syn¬ 
chronized  is  reported. 


81-1725 

Ab  Apparatna  for  Detemsiaatioii  of  the  Effect  of 
Mean  Straia  oa  Darapiag 

R.J.  Hooker  and  D.J.  Mead 

Inst.  Sound  Vib.  Res.,  Univ.  Southampton,  South¬ 
ampton,  UK.  J.  Phys.  E.  (Sci.  Instr.),  (2),  pp 
202-207  (Feb  1981)  10  figs,  1  table,  6  refs 

Key  Woods:  Measuring  instruments.  Damping  coefficients 

A  description  is  given  of  an  apparatus  which  endilss  the 
measurement  of  damping  during  vibration  with  non-zero 
mean  strain.  The  loading  condition  it  torsion  on  a  pair  of 
cylindrical  tpacimant,  which  may  bo  solid  or  hollow.  Mean 
strain  it  applied  by  opposite  pre-twist  in  the  two  spacimotts. 
Damping  it  determined  from  energy  input  during  ttoady 
resonant  vibration,  although  both  frequency  rasponte  and 
free  decay  tachniquas  can  also  be  used.  An  account  it  given 


of  the  apparatus  dovalopmant  and  oparation,  with  particular 
rafarance  to  the  uta  of  a  tast  ipaciman/low  damping  speci¬ 
men  combination  which  effsetivoiy  halvas  the  required  power 
Input  and  which  allows  a  corraction  for  extraneous  loetet 
to  be  applied. 


81-1726 

laveatigatioa  of  Dyaamic  Behanour  of  Noa-Coa- 
tactiag  Meaairiag  Devices  by  a  Traaaeat  Diapiace- 
meat  Method 

J.S.  Field 

Natl.  Measurement  Lab.,  CSIRO,  Chippendale,  Aus¬ 
tralia,  Microtecnic,  3,  pp  28-30  ( 1980)  6  figs 

Key  Words:  Measuring  instruments.  Proximity  probes.  Cali¬ 
brating,  Transducers 

To  invritigate  the  dynamic  rasponte  characteristict  of  a  non¬ 
contacting  displacement  measuring  systsm  It  it  necessary  to 
produce  small,  precisely  known  displacements  between 
reference  surface  and  the  maaeuring  probe  of  the  instrument. 
These  displacements  are  oftan  obtained  by  driving  an  alactro- 
mechanical  transducer  with  a  sinusoidally  varying  signal. 
A  method  it  given  for  characterization  of  probes. 


81-1727 

Rcseirdi  Mtd  Pevclofaneat  Prognni  for  Flight  Loadi 
AaseasBicBt  of  Eagme/Aiifme  latcfiatioB.  Phase  1 

R.  Fost,  J.  Dollman,  and  R.  Jutras 
Aircraft  Engine  Group,  General  Electric  Co.,  Cin¬ 
cinnati,  OH,  Rept.  No.  AFAPL-TR-79-2071,  R79- 
AEG315, 105  pp  (Sept  1979) 

AD-A093  157 

Key  Words:  Blades,  Aircraft  ertginet.  Vibration  measurement. 
Measuring  Instrumentation,  Flight  tests 

Obtaining  a  better  understanding  of  critical  turbine  angina 
component  behavior  under  actual  flight  carxlitiont  it  attan- 
tial  to  the  development  of  Improved  component  design  Ilfs 
criteria  and  proper  engine/airframe  structural  Integration. 
Current  airfoil  vibratory  rasponse  maasuramant  techniques 
preclude  obtaining  airfoil  vibratory  data  during  engine 
deveiopmant  flight  tast.  To  obtain  this  naadsd  data,  this 
program  was  diractad  at  davaloping  a  prototype  flight  engine 
blade  vibration  maasuramant  aysiam. 
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8M728 

Swept  Neirow  Bead  Riadoiii  oa  Raadom 

F.T.  Mercer 

Vib.  and  Model  Testing  Div.,  Sandia  Labs.-,  Albuquer¬ 
que,  NM,  Rept.  No.  SAND-80-1534,  34  pp  (Aug 
1980) 

N81-11433 

Key  Words:  Spsctnjm  snslyMrt,  Fourier  atMlysit,  Vibration 
■Mlyzeri,  Vibration  contiol.  Random  raaionsa 

Tha  impiainantation  of  a«iMpt  narrow  band  random  on 
random  on  tha  HPS461C  Fourier  Analyzer  System  and  the 
HP5427A  Vibration  Control  System  Is  dlscusaad.  Up  to  fhm 
narrow  bands  of  a  dynamically  changing  rtarrow  band  ran¬ 
dom  a>actrum  ware  super-imposed  on  a  broad  band  random 
spectrum  arxl  swept  at  various  rates  to  simulata  field  environ¬ 
ments. 


81-1729 

A  Sainrey  to  Aaaeaa  die  Reliabiity  of  Mobility  Mee- 
aumneat  Teduuqeea 

O.J.  Ewins 

Imperial  College  Science  and  Tech.,  London,  UK. 
Proc.,  Machinery  Vibration  Monitoring  and  Analysis 
Seminar  and  Meeting,  New  Orleans,  LA.  Apr  7-9, 
1981 ,  pp  1 15-125, 6  figs,  2  tables,  3  refs 

Kay  Words:  Vibration  measurement.  Measurement  tech- 
niquas.  Mobility  method 

In  recent  years  there  hei  been  a  martred  Increaea  in  the  use  of 
mobility  measurement  tschniquas  in  the  course  of  studies  of 
structural  vttiration.  In  many  applications,  measured  mobility 
data  are  subsequently  used  for  modal  analysis  and  in  thesa 
cases  the  accuracy  of  the  dau  Is  cnrclai  to  the  sucoass  of  the 
process.  A  survey  hai  recently  bean  conducted  in  Europe 
to  assess  the  consistency  of  mobility  maesuremants  made 
on  a  set  of  test  structures  which  ware  circulated  amongst 
soma  thirty  laboratories,  all  of  whom  use  mobility  maaeure- 
ments  regularly  in  the  course  of  their  engineering  studies. 
A  selection  of  results  from  this  survey  is  presented  and  dls¬ 
cusaad,  together  with  exampies  of  their  application  to  modal 
analysis  and  other  numerical  ptocesees.  Sottm  condusions 
ate  drawn  regarding  the  sulubility  of  different  tasting  tach- 
nk)uas  astd  of  the  time  requirements  for  makirrg  trrobHity 
measurements. 


(Ebi  aodeiMB  MMwgffAna  im  Fihwtg  -  Aawea- 
shupMipMe  nr  bolopafigebea  hilerfcronetiw 

<T«a*) 

G.  Frankowsi,  L.L.  Mente,  and  G.  Wernicke 
Akademie  der  Wissenschaften  der  DDR,  Zentralinsti- 
tut  f.  Mathematik  und  Mechanik,  German  Dem. 
Rep.,  Maschinenbautechnik,  22  (12).  pp  552-556 
(Dec  1980)  8  figs,  1  table,  3  refs 
(In  German) 


The  variety  of  appliattions  of  various  holographic  Inters 
ferometry  techniques  Is  IHustratad  by  maatM  of  three  exam- 
plat.  The  double  Illumination  technique  is  used  to  Invastl- 
gate  the  deflection  of  vatiout  shapes  of  innall  plate  springs 
statically  loaded  In  tna  center.  Real  tirne  technique  was  used 
to  detemrine  variout  material  propertlea.  The  effect  of 
crystallite  In  a  plats  on  Its  daflactlon  was  Invastigatad  by 
the  mean  time  tschniqua  by  comparing  the  vibration  mode 
shapes  of  homogenous  and  Inhomoganout  platet. 


81-1731 

Pad(  Appioximaata  of  Noaeaual  Digital  FItm 

C.  Chen 

Dept.  Electrical  Engrg.,  State  Univ.  New  York,  Stony 
Brook,  NY  11794,  J.  Franklin  Inst.,  2JQ  (4/5),  pp 
209-213  (1980)  7  refs 


Kay  Words:  Filters,  Digital  fillers,  Tbrte  domain  method. 
Frequency  domain  method 

Based  on  tha  rsquirsment  of  stability  and  causality,  this 
paper  presents  a  new  method  of  designing  UR  digital  flltsrs. 
The  method  is  sssantially  a  combination  of  a  tbiw-domain 
and  a  frequency -domain  technique.  Becauaa  of  this  naw 
derivstlon,  tha  method  can  be  raadHy  extetKisd  to  tseo  or 
more  dlmensionel  noncsusal  digital  filton. 


81-1732 

bstegntiag-Ayerage  Soud-Leyei  Meton 

W.R.  Kundert 

Industrial  Resources,  Harvard,  MA,  S/V,  Sound  Vib., 
15  (3),  pp  16-20  (Mar  1981)  5  figs 

Kay  Words:  Sound  1^  ntatais,  Nolaa  maaiurawaiw.  Maw 
suring  instruments 


Key  Wonts:  Measurement  techniques.  Holographic  tach- 
niques 


81-1730 

A  Modem  Meaagriag  Terbiiyie  -  Fypiiia  of 
Appikatkm  for  Holograpbic  faitnferoiiietry  (Part  3) 
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The  intagrating  tound-lavtl  mettr  It  introductd  and  con- 
trartad  with  tha  "ordinary"  lound-iavai  matar  and  tha 
induitrial  doiimatar.  Appiicationt  and  faaturH  of  intagrating 
(ound-iavei  matan  ara  praiantad.  Tha  importance  of  dynam¬ 
ic  range  and  tha  abiiity  to  handia  ihort  duration  impultiva 
loundi  ara  diicutsad. 


81-1733 

Shock  Teat  Pulse  Display  and  Analysis 

G.R.  Henderson 

GHI  Systems,  Inc.,  Ranchos  Palos  Verdes,  CA,  Test, 
^  (2),  pp  8-9,  1 1  (Apr/May  1981)  3  figs 

Key  Words:  Shock  tatti.  Tatting  initrumantation,  Tima 
domain  method 

This  ditcuttion  dealt  with  the  time  domain,  or  accelaration, 
velocity,  and  divlacement  information  that  can  be  ob¬ 
tained  with  a  relatively  inexpentiw  lyttem  for  recording, 
divlay,  and  analytic  of  shock  test  data. 


81-1734 

A  Digital  Electronic  Method  for  the  Measurement 
of  Blast  Wave  Parameters 

V.S.  Sethi,  S.  Srinivasan,  V.  Bodhankar,  O.P.  Khur- 
ana,  R.  Paul,  and  G.  Chand 
Terminal  Ballistics  Res.  Lab.,  Sector-30,  Chandi¬ 
garh-160020,  India,  J.  Phys.  E.  (Sci.  Instr.),  H-  PP 
457-460  (Apr  1981)  5  figs,  6  refs 

Key  Words:  Shock  waves.  Measurement  techniques.  Elec¬ 
tronic  instrumentation.  Digital  techniques 

The  important  blast  wave  parameters  such  at  peak  over- 
pratture,  positive  duration  and  impulse  are  normaHy  mea¬ 
sured  from  oscillographic  records  of  pressure-time  curvet. 
An  electronic  circuit  which  measures  these  parameters 
simultaneously  and  displays  them  in  digital  form,  it  de¬ 
scribed  here. 


81-1735 

The  Optical  Grating  Hydrophone 

B.W.  Tietjen 

Electronic  Systems  Div.,  General  Electric  Co.,  Syra¬ 
cuse,  NY  13221,  J.  Acoust.  Soc.  Amer.,  gS  (4),  PP 
993-997  (Apr  1981)  7  figs,  10  refs 


Key  Words:  Sound  detectors.  Hydrophones,  Underwater 
sound 

Tha  optical  grating  hydrophone  has  been  shown  to  be  an 
affactiva  underwater  acoustic  datactor.  It  offers  all  of  the 
advantages  of  a  diract-intansity  modulating  device,  and  can 
be  built  quite  timpiv  and  inaxpansivaly.  Choices  of  grating 
densities,  bias,  optical  power,  and  hydrophone  configuration 
affords  much  design  flexibility  regarding  sensitivity,  dynamic 
range,  size,  and  operating  frequency  range.  Several  working 
modals  have  bean  constructed  and  verify  analyticai  predic¬ 
tions.  Tha  optical  grating  concept  Is  vary  promising  as  a  naar- 
tarm,  practical  operating  optical  hydrophone  for  sonar 
applications. 


DYNAMIC  TESTS 

(Also  see  Nos.  1605,1796,1797,1798) 


81-1736 

The  Lae  of  Sound  Emiaaion  Analyaia  in  Compreaaion 
and  Bunting  Teata  (Erfahningen  hei  der  Anwendung 
der  SchaUcmiaaionaanalyae  in  Dnick-  und  Bentver- 
auchen) 

W.  Morgner,  H.  Heyse,  and  K.  Theis 
Technische  Hochschule,  Otto  von  Guericke,  Magde¬ 
burg,  German  Dem.  Rep.,  Maschinenbautechnik, 
30(2),  pp  84-87  (Feb  1981)  10  figs,  12  refs 
(In  German) 

Key  Words:  Acoustic  emission.  Nondestructive  tasting 

Tha  applicstion  of  sound  emission  technique  In  tha  testing 
of  metal  containers  is  described.  This  nondastructiva  tech¬ 
nique  enables  an  early  detection  of  leaks,  plastic  deforma¬ 
tions,  or  cracks  in  tha  structure. 


SCALING  AND  MODELING 

(Also  see  No.  1604) 


81-1737 

A  Fluid  Damping  Distortion  in  FIV  Scale  Modeling 

T.M.  Mulcahy 

Components  Tech.  Div.,  Argonne  Natl.  Lab.,  Ar- 
gonne,  IL  60439,  Nucl.  Engrg.  Des.,  62  (D,  PP  101- 
107  (Jan  1981)  3  figs,  13  refs 

Key  Words:  Scaling,  Fluid-induced  excitation.  Viscous 
damping.  Structural  mambars.  Nuclear  reactor  components 
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The  prtdiction  of  flowHnducod  vibration!  (FIVI  of  structural 
components  often  must  rely  upon  scale  model  test  results, 
because  direct  forced  response  predictions  are  beyond  the 
state-of-the-art.  Since  viscosity  effects  often  are  distorted 
in  reduced  scale  model  tests,  the  identification  of  fluid  forces 
which  are  Reynolds  number  dependent  is  essential  to  the 
acquisition  of  meaningful  test  results.  Toward  this  eruf,  the 
fluid  damping  forces  exerted  on  a  vibrating  tube  by  a  sur¬ 
rounding  narrow,  fluid  filled,  finite  length  annular  region 
are  shown  to  be  relatively  larger  in  the  model  than  in  the 
prototype.  A  theory  is  proposed  for  estimating  the  magni¬ 
tude  of  this  unconservative  distortion  in  model  testing. 


DIAGNOSTICS 


81-1738 

Solving  Pump  Problems  .  .  .  Uamg  Vibration  Spec- 
tram  Analyaia 

S.  Goldman 

Nicolet  Scientific  Corp.,  Northvale,  NJ,  Proc.,  Ma¬ 
chinery  Vibration  Monitoring  and  Analysis  Seminar 
and  Meeting,  New  Orleans,  LA,  Apr  7-9,  1981,  pp 
27-33,  6  figs 

Key  Words:  Pumps,  Diagnostic  techniques,  Spectrum  analy¬ 
sis,  Vibration  control 

The  basics  of  pump  operation,  vibration  spectrum  analysis, 
and  problem-solving  techniques  are  summarized.  The  author 
discusses  the  advantages  of  spectrum  analysis  in  diagnosing 
pump  vibration,  reviews  forcing  and  natural  frequencies, 
and  explains  what  to  look  for  on  the  spectrum  analyzer. 


81-1739 

Ingeation  of  a  Suction  Screen  into  a  Circulator  Com- 
preaaor 

C. Jackson 

Monsanto  Co.,  Texas  City,  TX,  Proc.,  Machinery 
Vibration  Monitoring  and  Analysis  Seminar  and 
Meeting,  New  Orleans,  LA,  Apr  7-9,  1981,  pp  39-55, 
26  figs 

Key  Words:  Compressors,  Unbalanced  mass  response,  Oieg- 
nostic  techniques 

This  paper  covers  the  effects  from  unbalance  of  a  24  x  24 
pipeline  booster  type  compressor  Impeller  due  to  ingestion, 
in  service,  of  a  suction  screen.  Minimal  data  it  shown  of  the 


compratsor't  unbalanced  condition.  Photos  are  Includad 
to  show  tha  results  of  the  Ingestion.  More  data  it  shown 
on  runup  and  operation  of  the  compreseor  and  the  driva 
turbine.  Tha  data  presented  after  repairs,  however,  allows  a 
convenient  bate  to  discuss  tavaral  points  in  analysis. 


81-1740 

Analytical  and  Field  Study  of  a  Turbogeneridor 
Vibration  Problem 

F.  Aguilar 

Institute  Mexicano  del  Petroleo,  Mexico  City,  Mexi¬ 
co,  Proc.,  Machinery  Vibration  Monitoring  and 
Analysis  Seminar  and  Meeting,  New  Orleans,  LA, 
Apr  7-9,  1981,  pp  21-25,  12  figs 

Key  Words:  Turbomachinery,  Turbogenerators,  Generators, 
Foundations,  Rotors,  Fluid-film  bearings 

Tha  dynamic  behwior  observed  during  tha  commissioning 
of  two  power  generation  sett  of  32,000  KW  are  analyzed. 
Soma  results  of  tha  field  vibration  measurements  and  the 
spectral  and  orbital  analysis  carried  out  to  explain  the  ob¬ 
served  behavior  of  the  units  are  presented.  Also  tha  ana¬ 
lytical  rotor  dynamics  performed  to  correlate  the  vibration 
measurement  with  the  expected  results  are  ditcutsad  in¬ 
cluding  tha  frequency  analysis  of  tha  unit  foundation  that 
was  made  using  the  finite  element  method. 


BALANCING 


81-1741 

Multi-Plane  High  Speed  Balancing  Techniq|uea  and 
the  Use  of  a  High  Specific  Stiffneaa  Ti-Bonic  Material 
for  Vibration  Control 

G.  Hamburg  and  W.  Pentek 

Teledyne  CAE,  Toledo,  Ohio,  Rept.  No.  TCAE-1701, 
AFWAL-TR-80-2056, 1 15  pp  (Feb  1980) 

AD-A093  122 

Kay  Words:  Balancing  tachniquas.  Multiplane  balancing 
technique.  Shafts  (machine  elements).  Composite  matarfalt. 
Flexible  rotors 

This  report  documents  results  of  multi-piano  high-spead 
balancing  damonstration  of  a  flexible  rotor  and  a  preliminary 
design  analysis  for  a  high  specific  ttiffnatt  composite  material 
shaft.  Both  studies  had  as  their  oblactive  tha  management 
of  small  turbofan  engine  low  presaura  shaft  banding  critical 


79 


The  prototyp*  ftoxibta  rotor  wii  tuccoMfully  bii- 
•ncod  through  3  criticai  rootdi  roachfog  •  maximum  of 
28,000  rpm,  iwhich  was  74%  of  tht  mwimum  intandad  rotor 
roaad  of  38,000  rpm.  Balancing  for  optratlon  above  the  4lh 
critical  roaad,  which  was  pradictad  to  occur  at  33X)00  rpm, 
waa  pravantad  dua  to  a  aub-aynchronoui  rotor  Initability. 
Cauaat  of  the  inttabllity  vMra  attrtoutad  to  tha  configuration 
of  tha  aquaaza  film  baaring  dampar  and  tha  angina  rotor 
aupport  itiuctura  at  oppoaad  to  any  limitation  of  tha  bal¬ 
ancing  tachniquat  amployad.  Tha  praliminary  eompoaita 
ihaft  datign  waa  complatad  aaauming  that  a  Ti-Boraic  matai 
matrix  eompoaita  with  60%  fibar  volume  and  40%  matai 
matrix  would  ba  uaad.  This  'stiff'  sliaft  was  datignad  at  a 
direct  aubttituta  for  the  multi-plarM  high  ipaad  balancing 
demonstrator  rotor.  Analytical  studies  indicate  that  tha 
composite  rotor  will  have  a  24%  third  critical  spaed  margin 
whan  operating  at  38,000  rpm. 


8M742 

Balaacuf  Pitfaila  •  High  Speed  Tuihiae  Roton 

G.S.  Schmidt 

Installation  and  Service  Engrg.  Div.,  General  Electric 
Co.,  Schenectady,  NY,  Proc.,  Machinery  Vibration 
Monitoring  and  Analysis  Seminar  and  Meeting.  New 
Orleans,  LA,  Apr  7-9,  1981,  pp  35-38,3  tables,  1  ref 

Kay  Words:  Balancing  techniques,  Staam  turbines,  Turbinas. 
Computar-aidad  techniques 

This  paper  cotKems  tha  author's  axparhmea  in  applying 
balance  technology  to  baiartcing  steam  turbines  In  tha  field. 
Currant  tachrtology  and  research  in  tha  area  of  rotor  dynam¬ 
ics  have  resulted  in  tha  production  of  axcallant  instrument 
tensors  and  analyzers  and  precise  operational  controls.  Baaad 
on  thasa  developments,  it  might  ba  assumed  that  field  bal¬ 
ancing  a  turbine  it  a  straightforward  procedure.  TN  author's 
axparianoe,  howavar,  showed  that  this  it  not  always  tha  cats 
as  each  balancing  application  is  unique,  and  there  it  ahvayt 
tha  chance  that  minor  deviations  from  normal  operating 
conditions  may  create  problamt  during  balancing.  Such 
problems  could  result  in  costly  dalayt. 


81-1743 

Ob  the  BalaacBig  of  Flexible  Roton  Lidepearfesit 
OB  BouB^ary  CoBditioBS 

I.  Ballo 

Inst,  of  Machine  Mechanics,  Slovak  Academy  of 
Sciences,  Dubravska  cesta  26,  80931  Bratislava, 


Czechoslo'/akia,  lng.-Arch.,  ^  (3),  pp  177-185 
(1981)  3  figs,  12  refs 


Kay  Words:  Baiancing  tachniquat.  Rotors,  Flaxibla  rotors 

Recant  methods  for  balancing  flaxlbia  rotors  are  based  on 
tha  approximation  of  tha  deflection  brought  about  by  Its 
unbaiartce  influancad  by  tha  normal  modes  of  the  rotor. 
Since  normal  modes  depend  on  boundary  oonditiona,  tha  so 
parformad  balancing  of  the  rotor  aiao  depends  on  tham. 
This  fact  may  lead  to  tome  difficultias  if  tha  stiffitaat  of  tha 
rotor  bearings  is  contidarably  nonitotropic  in  various  radial 
diractiont  or  if  tha  rotor  has  been  balancad  on  the  balancing 
machiita  with  stiffnast  characteristics  of  bearing  mounting 
esaantially  other  under  actual  operation.  A  mathod  it  sug¬ 
gested  in  tha  paper  that  ramovet  tha  mantionad  dapandanca 
of  flaxibla  rotor  balancing  on  its  boundary  conditiotM.  It 
it  bated  on  tha  approximation  of  tha  deflection  by  a  com- 
plata  tyttam  of  cooidinata  functions  indapandant  on  tha 
stiffnats  of  supporting  its  ends.  Hence  tha  flaxibla  rotor, 
one  balancad  according  to  this  mathod,  will  continue  to 
ba  balancad  avan  under  an  aibitrary  stiffness  of  its  baaringt. 


MONITORING 


81-1744 

Compioator  Blade  MoBitosiBg  SyiUin  for  a  VA1310 
(Allia  Ckaimen)  WumI  ToBBel  CaiBpieaM>r 

D.  Wilson  and  J.  Frarey 

Shaker  Research  Corp.,  Ballston  Lake,  NY,  Rept, 
No.  AFWAL-TR-80-3072, 58  pp  (July  1980) 
AD-A092  920 


Kay  Words:  Monitoring  tachniquas,  Compraaaor  blades. 
Blades 

Tha  purpose  of  tha  work  summarized  in  this  report  is  to 
idantify  and  develop  a  coat  affactiva,  laliabla  procadura  for 
identifying  potential  blade  failures  in  time  to  prevent  the 
actual  occurrsftca.  The  procadura  is  devetopad  for  application 
to  an  Allls-Chsimart  tsn-staga,  axial  flow  compraaaor.  Modal 
VA  1310.  Tha  approach  followsd  in  conducting  thb  study 
includad  a  rsviaw  of  tha  current  tachniquat  uaad  to  Insure 
Wade  intagrity,  a  ravitw  of  other  approaches  as  daacribad 
in  litaratura  for  verifying  tha  condition  of  oompreaaor  Madoa 
and,  finally,  development  of  a  tachniqua  suitaMa  for  use 
with  tha  VA  1310  oomprsasot. 
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Integrated  Engine  Monitoring  Syttem.  Voliunei 
land  2 

L.  Baker,  R.  DeHoff,  and  W.  Hall,  Jr. 

Systems  Control,  Inc.  (VT),  Palo  Alto,  CA,  Rept. 
No.  AFWAL-TR-80-2053,  123  pp  (Apr  1980) 

Vol.  1:  AD-A093  225 
Vol.  2:  AD-A093  226 

Key  Wordc  Monitoring  tachniquM.TurtilrMenginM,  Aircraft 
angina* 

Thii  report  praiant*  the  ratuitt  of  an  intaniiva  study  of  tha 
Air  Forca  maintananca/logiitict  procatt  baaad  on  a  Mlactad 
tampla  of  tactical  baaat,  dapott,  and  major  commattdi.  Tha 
objactive  it  to  dafina  tha  raquiramantt  that  tha  Air  Forca 
angina  managamant  atructura  Impoaat  on  automatad  data 
intagration,  in  garraral,  and  angina  parfurmarrca  monitoring, 
in  particular.  Such  an  automatad  integration  of  turbina 
angina  monitoring  ivttam  data  with  currant  data  lyttamt 
raquirai  coordination  batwaan  a  varlaty  of  tourcat,  both 
manual  and  automatad.  Tha  raauitt  of  this  itudy  ara  thu 
raqu'ramantt  for  such  Intagration  baaad  on  typical  Air 
Forca  maintananca  naadt. 


81-1746 

Accelerometer  Applicationa  in  a  Proceas  Plant 

K.2.  Witwer 

Dow  Chemical  U.S.A..  Freeport,  TX,  Proc.,  Ma¬ 
chinery  Vibration  Monitoring  and  Analysis  Seminar 
and  Meeting,  New  Orleans,  LA,  Apr  7-9,  1981,  pp 
133-135 

Key  Wordi:  Monitoring  tachniquai,  Accalarometara 

The  advantagai  of  uaing  accalaromaten  for  condition  moni¬ 
toring  of  critical  rotating  machinery  ara  indicated.  Pump*, 
oompraaaori,  gaarboxa*,  cooling  towart,  itaam  and  ga* 
turbine*,  blower*,  conveyor*,  cantrlfugai,  and  fan*  are 
Involved. 


81-1747 

Trends,  Patterns  and  Parameters 

R.M.  Stewart 

Stewart  Hughes  Ltd.,  UK,  Proc.,  Machinery  Vibration 
Monitoring  and  Analysis  Seminar  and  Meeting,  New 
Orleans,  LA,  Apr  7-9, 1981,  pp  137-153,6  figs,  8  refs 

Kay  Word*;  Monitoring  tschniqua* 

Thi*  paper  illuatratea  how  technical  knowledge  and  Informa¬ 
tion  may  be  fed  into  a  monitoring  program  to  raise  it* 
affactivenaaa  if  artd  whan  tha  need  exist*. 


81-1748 

Time  Marches  On  -  CJianging  Concepts  in  Machinery 
Condition  Monitoring 

J.S.  Mitchell  andJ.L.  Frarey 
Turbomachinery  Consultant,  San  Juan  Capistrano, 
CA,  Proc.,  Machinery  Vibration  Monitoring  and 
Analysis  Seminar  and  Meeting,  New  Orleans,  LA, 
Apr  7-9, 1981,  pp  127-132, 1  fig 

Kay  Words;  Monitoring  tachnlquas,  Initrumantation 

Thera  i*  a  danger  In  any  area  of  technology  that  I*  rapidly 
improving  to  not  taka  full  advantage  of  tha  improvamant*. 
Typically,  this  happen*  whan  wa  implement  tha  same  con¬ 
cept*  with  batter  building  block*.  The  author*  foal  that 
periodically  tha  way  wa  do  thing*  should  be  axaminad  to 
sea  if  wa  are  taking  full  advantage  of  tha  tool*  available. 
This  paper  develop*  a  machinery  survaillsncs  system  based 
on  tha  electronic  technology  availabla  rather  than  on  how  wo 
have  bean  doing  It. 


81-1749 

Computeriaed  Conditioo  Monitoring  System  -  User's 
Viewpoint 

A.  Chou 

Engrg.  Dept.,  Mobil  Res.  and  Dev.  Corp.,  Princeton, 
NJ,  Proc.,  Machinery  Vibration  Monitoring  and 
Analysis  Seminar  and  Meeting,  New  Orleans,  LA, 
Apr  7-9,  1981,  pp  95-105, 8  figs,  7  refs 

Kay  Words;  Monitoring  tachniquas,  Computar-eidad  tach- 
niquas.  Rotating  stnictura* 

A  computarizad  condition  monitoring  (COM)  system  is  one 
of  tha  toois  for  "oncondition”  maintananca  lOCM)  of 
rotating  equipment.  Bacsuta  a  CCM  tystam  is  computer 
baaad,  it  ha*  large  capability  for  data  management  to  prasant 
useful  information  on  the  condition  of  tha  monitored  ma¬ 
chinery  from  tha  voluminous  data  collactad.  It*  usefulnas* 
is  only  limited  by  our  knowledge  of  the  machinery  ooikII- 
tion*  and  our  mility  In  analyzing  the  data.  Though. the 
application  of  tha  CCM  systems  is  growing,  it*  potential 
ha*  not  yat  bean  fully  exploited.  This  paper  diacuasa*  the 
design  philosophy  of  a  CCM  systam. 
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Acotistic-FmisrioB  Crack  Moaitoriag  ia  Fnetum- 
TonghMss  Tests  for  AISI  4340  sad  SA533B  Steeb 

H.  Takahashi,  MA.  Khan,  M.  Kikuchi,  and  M.  Suzuki 
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Tohoku  Univ.,  Sendai,  980/Japan,  Exptl.  Mechanics, 
21  (3),  pp  89-99  (Mar  1981)  19  figs,  5  tables,  21  refs 

K«y  Words:  Monitoring  tachniquM,  StMl,  Acoustic  amission, 
Frocturt  propertits 

The  feasibility  of  using  acoustic-emission  techniques  for  the 
characterization  of  fracture  resistance  in  AISI  4340  oruf 
SA533B  steels  is  examined.  The  critical  value  of  J-integrol 
is  measured  with  e  single  smell  specimen  (compact  tension) 
loaded  in  the  elostlc-plattic  range  at  room  temperature. 
Initiation  it  dotoctod  during  loading  by  acoustic  emission. 
A  new  AE  procedure  for  crock-growth  monitoring  in  frac¬ 
ture-toughness  specimens  hot  been  proposed.  The  possibility 
of  discriminating  AE  signals  from  norrcritical  sources,  such  os 
void  nucleotion  during  crock-tip  plastic  deformation  end 
signals  from  a  grxswing  crock.  It  discussed. 


81-1751 

In-Flight  Fatigue  Crack  Monitoring  Uang  Acoustic 
Emiotion 

P.H.  Hutton  and  J.R.  Skorpik 
Battelle,  Pacific  Northwest  Labs.,  P.O.  Box  999, 
Richland,  WA  99352,  ISA  Trans.,  20  (1),  pp  79-83 
(1981)  11  figs 

Key  Words:  Acoustic  smiMion,  Monitoring  techniques. 
Crack  detection.  Aircraft 

The  purpose  of  the  work  described  It  to  evaluate  the  use  of 
acoustic  emission  (AE)  methods  to  detect  fatigue  crock 
growth  in  aircraft  structure  during  operation.  A  unique 
AE  monitor  system  installed  on  on  Australian  Air  Force 
Mocchi  326  aircraft  has  detected  AE  which  correlates  with 
slow  crock  growth  during  operation  over  the  pest  year 
and  a  half. 


ANALYSIS  AND  DESIGN 


ANALOGS  AND  ANALOG  COMPUTATION 


81-1752 

An  Analytical  Technique  for  Approxunoting  Un- 
■teady  Aerodynanks  in  tke  Tine  Domain 

H.J.  Dunn 


NASA  Langley  Res.  Ctr.,  Hampton,  VA,  Rept.  No. 
NASA-TP-1738,  L-13255, 31  pp  (Nov  1980) 

N8 1-1 1422 

Key  Words:  Approximation  methods.  Aerodynamic  loads. 
Time  domain  method,  AircraC.  wings 

An  analytical  technique  is  presented  for  approximatinfj 
unsteady  aerodynamic  forces  In  the  time  domain.  The 
order  of  elements  of  a  matrix  Fade  approximation  was 
postulated,  and  the  resulting  polynomial  coefflclants  were 
determined  through  a  combination  of  least  squares  ostlmatss 
for  the  numerator  coefficients  and  a  constrainod  gradient 
search  for  the  denominator  coefflclants  which  Insures  stable 
approximating  functions.  The  number  of  differential  equa¬ 
tions  required  to  represent  the  aerodynamic  forces  to  a  given 
accuracy  tends  to  be  smaller  than  that  amployod  in  certain 
existing  techniques  where  the  denominator  coefficients  are 
chosen  a  priori.  Results  are  shown  for  an  aeroelostic,  canti¬ 
levered,  semispan  wing  which  indicate  a  good  fit  to  the 
aerodynamic  forcas  for  oscillatory  motion  can  be  achieved 
with  a  matrix  Fade  approximation  having  fourth  order 
numerator  and  second  order  denominator  polynomials. 


ANALYTICAL  METHODS 

(Also  see  No.  1577) 


81-1753 

Alteniative  Derivation  of  Eqiutioni  of  Motion 

J.  Korn 

Middlesex  Polytechnic,  Bounds  Green  Road,  London 
Nil  2NQ,  UK,  J.  Franklin  Inst.,  Sn  (3),  pp  131- 
150  (Mar  19B1)  11  figs,  17  refs 

Key  Words:  Equations  of  motion 

Equations  of  motion  in  the  form  of  sets  of  non-f  Inear  dif¬ 
ferential  equbtlons  are  derived  for  dynamic  systems  which 
may  exhibit  simultaneous  changes  in  their  olactrlcal,  fluid, 
mechanical  and  thermal  states.  These  equations  are  based 
on  considerations  of  the  physics  of  components  and  their 
eventual  topology  when  forming  an  assembly.  The  effect  of 
thermal  environment  is  shown  when  its  capacity  it  finite  and 
when  it  is  not. 


81-1754 

Analytic  Methods  in  Stiuctural  Dynamics 

H.P.  Gearing 

Swiss  Fed.  Inst.  Tech.,  Zurich,  Switzerland,  Israel 
J.  Tech.,  18  (1-2),  pp  84-90  (1980)  6  refs 
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Ktv  Wordi:  Dynannic  itructural  analyiii,  Eiganvalut  prob- 
lemi 


The  purpose  of  thli  paper  i*  to  show  the  following:  In  the 
dynamic  analyeii  of  large  (non-tubetructured)  itnicturee, 
the  only  step  to  be  numerically  executed  it  solving  the 
eigenproblem.  The  transient  response  and  steady  state  re¬ 
sponse  to  periodic  loads,  the  transient  response  to  aperiodic 
loads  of  finite  duration,  and  the  response  spectra  to  station¬ 
ary  random  loads  can  be  calculated  analytically,  l.e.,  without 
numerical  integration.  A  significant  data  reduction  It  possible 
by  dropping  all  of  the  irrelevant  components  of  the  eigen¬ 
vectors  without  lots  of  relevant  information.  For  this  pur¬ 
pose,  the  notion  of  dynamic  elasticity  transfer  matrix  it 
introduced.  For  substriictured  systems,  the  eigenproblemt 
can  be  solved  for  each  substructure  separately  with  the 
interface  boundary  degrees  of  freedom  free  (unclampedl. 
For  the  romplete  system,  the  transient  response  to  periodic 
lo.^i  ono  the  response  spectra  to  stationary  random  loads 
Lr.  '  >  'i'f  calculated  exactly  and  analytically.  If  desired, 
i.'i jximations  can  be  made  on  the  substructure 


School  of  Civil  Engrg.,  Univ.  of  South  Wales,  Kensing¬ 
ton,  N.S.W.,  Australia,  Inti.  J.  Earthquake  Engrg. 
Struc.  Dynam.,  ^  (2),  pp  153-169  (1981)  8  figs, 
8  tables,  25  refs 

Kay  Words:  Modal  analysis.  Mode  displacement  method. 
Force  summation  method.  Normal  modes.  Damped  modes 

Methods  of  modal  analysis  in  structural  dynamics  are  dis¬ 
cussed  and  their  derivations  briefly  givan.  Thaee  Includa  tha 
convantional  mode  displacement  mathod  and  the  foroa 
summation  mathod,  empioying  normal  modae,  and  the 
analogous  procedures  with  damped  modes.  In  the  latter, 
dynamic  response  equations  are  not  coupled.  Dynamic 
loading  solutions  by  the  four  approaches,  each  taking  ac¬ 
count  of  the  non-claseicsl  damping  distribution,  are  demon¬ 
strated  with  a  simpla  model  representing  a  structura  on  a 
compliant  foundation.  The  results  strongly  suggest  that  the 
use  of  damped  modes  with  force  summation  could  bo  the 
most  affactiva  procedure  when  damping  it  non-claesical. 
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81-1755 

Complementary  Formtilationa  in  Vibration*:  Bond 
Graph  Structures  and  Modal  Transfoimations 

D.  Karnopp 

Dept,  of  Mech.  Engrg.,  Univ.  of  California.  Davis, 
CA  95616,  J.  Franklin  Inst.,  110  (6),  pp  303-316 
(1980)  b  tigs,  1  table,  8  refs 

Key  Words:  Modal  analysis.  Bond  graph  technique.  Lumped 
parameter  method.  Vibrating  structures 

Lumped  perameter,  undamped  vibratory  system  models  are 
studied  starting  from  a  vector  bond  graph  representation 
which  yields  a  symmetric  tat  of  equations  of  motion  in 
terms  of  morrwnta  and  displacements.  Four  additional 
formulations  are  obtained  depending  upon  the  choices  of 
displacement  or  impulse-momentum  degrees  of  freedom 
including  the  classical  formulation  In  terms  of  mats  displace¬ 
ments.  Differences  In  terms  of  forcing  and  response  variable* 
are  found  among  the  alternative  formulations  and  differences 
in  system  order  are  explained.  A  new  form  of  normal  mode 
equations  it  developed  using  first  order  symmetric  variables 
and  a  bond  graph  representation  It  given.  Advantages  in  the 
use  of  the  new  model  analysis  for  subsystem  coupling  are 
discussed. 


81-1756 

Modal  Method*  in  the  Dynmk*  of  Syiteina  with 
Non-Qaaiical  Damping 

R.W.  Traill-Nash 


81-1757 

A  General  Dynamic  Syntheni  for  Complei|.  Stractuiea 
Compoaed  of  SubatnicturM 

A.  Hale 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Ph.D. 
Thesis,  166  pp  (1980) 

UM  8105331 

Key  Words:  Substructuring  methods,  Stnjctural  synthaeis, 
Continuous  parameter  method,  Lumpad  paramatar  mathod 

A  general  substructure  synthesis  method  isdevalopad  for  tha 
dynamic  analysis  of  complex  flexible  structures. 


81-1758 

A  LineariMtion  Scheme  for  Hysteretic  Systems 
Subjected  to  Random  Excitation 

R.L.  Grossmayer 

Vienna  Inst.  Tech,,  Austria,  Inti.  J.  Earthquake 
Engrg.  Struc.  Dynam.,  1  (2),  pp  171-185  (Mar/Apr 
1981)  8  figs,  28  refs 

Kay  Words:  Linaar  theorist.  Random  excitation,  Hysteretic 
damping.  Damping  coefficientt,  Stiffnaee  coafficlantt 

Tha  problem  of  predicting  tha  retponea  of  hysteretic  yielding 
systams  under  random  excitation  It  contldarad.  The  paper 
praeant*  a  linearization  schema  which  It  motivatad  by  axten- 
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live  limulation  itudiM  of  the  bilioMr  hyittratic  lyitem. 
Effectivt  itiffntM  and  damping  paramttart  ara  pmantad. 
Tha  accuracy  of  tha  varloui  atapa  of  tha  achama  li  axamlnad. 
The  approach  givaa  reaulta  which  are  In  cloae  agraemant  with 
limulation  eatimatea  even  for  large-ayatam  non-linearity. 


81-1759 

Aiymptotic  Stability  of  Randomly  Pertuibed  Linear 
Periodic  Syatemi 

P.L  Chow  and  K.L.  Chiou 

Dept,  of  Math.,  Wayne  State  Univ.,  Detroit,  Ml 
48202,  SIAM  J.  Appl.  Math.,  4Q  (2),  pp  315-326 
(Apr  1981)  15  refs 

Kay  Wotdi:  Random  parametara.  Periodic  atructurei 

For  a  clau  of  linaar  periodic  ayatema  with  reridomly  per¬ 
turbed  coefficient!,  an  explicit  criterion  it  obtained  for  the 
lyatem  to  be  aiymptotlcally  ttable  in  the  mean-iquare  or 
an  almoat  aura  aanta.  The  criterion  relatei  tha  moduli  of  the 
charactariatic  multipliart  for  the  reduced  periodic  lyitam 
to  tha  size  and  tha  correlation  langth  of  tha  random  pertur¬ 
bation.  Tha  ratult  ii  applied  to  a  randomly  perturbed,  peri¬ 
odic  Hamiltonian  lyttem  and  to  tha  atability  of  periodic 
aoluttoni  for  nonlinear  ayatema  with  atate-dependent  noitei. 


8M760 

A  Method  for  Analyaia  of  Non-Linear  Vibrations 
Caused  by  Modulated  Random  Excitation 

P.-T.D.  Spanos 

Dept.  Aerospace  Engrg.  and  Engrg.  Mechanics,  Univ. 
Texas,  Austin,  TX  78712,  Inti.  J.  Nonlin.  Mechanics, 
16(1),pp  1-11  (1981)  2  tigs,  22  refs 

Key  Wonfa:  Nonlinear  ayatema.  Damped  ayatema.  Random 
,  excitation 

A  method  for  analyzing  tha  reaponae  of  a  claaa  of  weakly 
non-linaar  and  lightly  damped  ayatsma  to  a  aeparable  non- 
atationary  random  excitation  it  preaented.  The  random 
excitation  it  rapreaented  at  the  product  of  a  ilowly  varying 
modulating  detarminlatic  furtction  and  a  broad-band  ttation- 
ary  proceN.  Uaing  an  averaging  procedure  a  first  order 
aquation  governing  the  time  avolution  of  the  reaponae 
amplitude  it  derived.  The  Fokker-Planck  aquation  which 
datcribea  the  diffusion  of  the  probability  density  function 
of  tha  reaponae  amplituda  It  considered.  A  particulariy 
conveniertt  batia  of  orthonormal  furtctlorta,  at  well  at,  necea- 
tary  formulae  for  tha  determination  of  an  approximate  solu¬ 
tion  of  the  Fokkar-Plartck  equation  by  meant  of  the  Oalerkin 


technique  are  preaented.  Furthermore,  bated  on  this  solution 
an  aquation  it  given  for  the  determination  of  tha  atatiatical 
momenta  of  tha  reaponae  amplituda. 


81-1761 

On  Dynamic  Stability  and  Quaai-Bifurcation 

L.H.N.  Lee 

Dept.  Aerospace  and  Mech.  Engrg.  Notre 

Dame,  IN  46556,  Inti.  J.  Nonlin.  Mechs.i  16  (1). 
pp  79-87  (1981)  7  figs,  3  refs 

Kay  Words:  Dynamic  stability,  Multidegraa  of  freedom  ayt- 
tamt.  Bifurcation  theory 

In  this  paper,  a  dynamic  atability  concept  and  a  quati-bifur- 
catlon  criterion  introduced  In  a  recent  paper  are  clarified. 
A  simple  dynamic  tyttem  of  four  degreat  of  freedom  it 
employed  to  illuatrata  tha  concept  and  tha  tignlficance  of 
‘the  criterion. 


81-1762 

Bounds  for  Large  Plastic  Defoimstions  of  Dynami¬ 
cally  Loaded  Continua  and  Stractures 

J.  Ploch  and  T.  Wierzbicki 

Inst.  Mathematics,  Warsaw  Tech.  Univ.,  Warsaw,  Po¬ 
land,  Inti.  J.  Solids Struc.,  12(2),  pp  183-195  (1981) 
10  figs,  13  refs 

Key  Worda:  Boundary  value  problems.  Pulse  excitation, 
Beama,  Cylindrical  ahallt 

A  theorem  it  developed  which  provides  bounds  for  maximum 
diaplacementa  of  knpulaivelv  loaded  rigid-plattic  continua 
and  structures,  valid  In  the  range  of  large  daformstiona.  A 
Lagrangian  description  la  used.  In  contrast  to  tha  caaa  of 
inflnitaalmal  deformatlona,  the  axlatance  of  the  bound  it 
shown  to  bo  closely  related  to  tha  quntion  of  atability.  A 
simple  criterion  of  the  applicability  of  tha  theory  It  derived 
along  with  an  equaiity  which  bounds  from  above  permanent 
displacement  at  a  chosen  point  of  tha  body.  The  solution 
of  an  actual  dynamic  problem  it  than  reduced  to  the  deter¬ 
mination  of  a  statically  admlatible  tyattm  of  ttreteet  and 
diaplacementa  astlafying  the  aquatlona  of  equilibrium  In  the 
deformed  configuration  and  violating  nowhere  tha  yield 
condition.  Application  of  the  theorem  It  given  by  finding 
eatimatea  on  moderately  large  daflactlont  of  beams  and 
cylindrical  thellt  aubfacted  to  Impultlve  loading. 
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8M763 

Nonlinear  OaciUationa  of  the  Third  Order  Syatema. 
Part  III.  Parametric  Oicillation 

N.  Van  Dao 

Polish  Academy  of  Sciences,  Inst.  Fundamental 
Technological  Res.,  Warszawa,  Poland,  J.  Tech. 
Phys.,  21  (2),  pp  253-265  (1980)  5  figs,  12  refs 

Key  Words:  Nonlinear  vibrations,  Parametric  excitation. 
Coulomb  friction.  Turbulent  friction 

The  parametric  oscillation  of  the  third-order  system  it 
investigated.  The  approximate  solution  of  the  motion  equa¬ 
tion  it  constructed  and  stationary  solutions  are  studied. 
The  stability  condition  of  the  stationary  oscillation  it  re¬ 
viewed.  The  Routh-Hurwitz  criteria  are  taken  out.  The 
influence  of  the  Coulonrb  friction  on  the  parametric  oscilla¬ 
tion  it  considered.  The  influence  of  the  turbulent  friction 
on  the  peremetric  oscillation  it  studied. 


81-1764 

On  the  Uae  of  Complex  Forni  of  the  Strouhal  Num¬ 
ber  in  the  Study  of  Nonlinear  Aeroelasticity 

Z.  Kopl'iva 

Polish  Academy  of  Sciences,  Inst.  Fundamental 
Technological  Res,,  Warszawa,  Poland,  J.  Tech. 
Phys.,  21  (2),  pp  245-252  (1980)  4  figs,  12  refs 

Key  Words:  Strouhal  number.  Fluid-induced  excltetion, 
Aeroelasticity 

This  paper  contains  basic  information  on  the  mathematical 
tools  used  in  a  study  on  optimization  of  aeroelasticity  for  a 
system  of  interfering  surfaces. 


81-1765 

Crack  ProMemt  for  a  Rectangular  Plate  and  an 
Infinite  Strip 

M.B.  Civelek  and  F.  Erdogan 

Lehigh  Univ.,  Bethlehem,  PA,  Rept.  No.  NASA- 

CR-163721,41  pp  (July  1980) 

N81-11419 

Key  Words;  Crack  propagation.  Plates,  Rectangular  plates. 
Beams,  Strips 

The  general  plane  problem  for  an  infinite  strip  containing 
multiple  cracks  perpendicular  to  its  boundaries  is  considered. 


The  problem  is  reduced  to  a  system  of  singular  intagral 
equations.  Two  specific  problems  of  practical  Interest  are 
then  studied  in  detail.  The  first  problem  explores  the  inter¬ 
action  affect  of  multiple  edge  crKks  in  a  plate  or  beam  under 
tension  or  bonding.  The  second  problem  Is  that  of  a  rectan¬ 
gular  Plata  containing  an  arbitrarily  oriented  crack  in  the 
plana  of  symmetry.  Particular  emphasis  is  placed  on  the 
problem  of  a  plate  containing  an  edge  crack  and  subjactad 
to  concentrated  forces. 


81-1766 

An  Accurate  Method  for  Computing  Shocks  in  Non- 
Linear  Wave  Propagation 

P.B.  Bailey  and  P.J.  Chen 

Sandia  Natl.  Labs.,  Albuquerque,  NM  87185,  Wave 
Motion,  jj  (2),  pp  137-143  (Apr  1981)  3  figs,  5  refs 

Key  Words;  Nonlinear  response.  Wave  propagation.  Shock 
wavs  propagation 

The  numerical  computation  of  waves  in  non-linear  mstarials 
often  entails  using  finite  difference  schemH.  The  presence  of 
shocks  in  the  waves  causes  difficulties  for  the  schames  which 
would  otherwisa  be  entirely  satisfactory.  These  schemas  can, 
however,  be  modified  so  as  to  yield  highly  resolved  solutions 
even  in  the  presence  of  shocks.  Essentially,  the  method 
entails  subtracting  out  the  shock,  solving  the  resulting  prob¬ 
lem,  and  then  adding  back  the  shock  to  obtain  the  solution 
to  the  original  problem.  The  method  is  illustrated  by  non¬ 
trivial  examplat. 


8M767 

Diipenion  of  Longitudmat  Wivet  in  a  Rectangular 
Tranaveiaely  laotropic  Wave-Guide 

P.  Muller  and  M.  Touratier 

Laboratoire  de  Mecanique  Theorique  associe  au 
C.N.R.S.,  Universite  P.  et  M.  Curie,  75230  Paris 
Cedex  05,  France,  Wave  Motion,  3  (2),  PP  181-202 
(Apr  1981)  7  figs,  1  table,  21  refs 

Key  Words:  Wave  propagation.  Wave  guide  analysis 

With  the  help  of  the  Virtual-Power  Method,  a  ona-dimen- 
slonal  model  is  constructed  to  examine  the  propagation  of 
longitudinal  waves  along  a  homogeneous  transvarealy  Iso¬ 
tropic  wave  guide  of  rectangular  cross  section.  Complex 
kinemotical  affects  are  taken  into  account.  The  ten-mode 
dispersion  curves  for  this  model  are  displayed  artd  thoroughly 
discuseed.  The  influence  of  the  kinematical  effects  of  Interest 
is  evaluatad,  and  the  model  is  compared  with  other  ones. 
Agreement  with  experimental  data  is  also  exhibitad. 
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8M768 

The  Hienomenon  of  Homeopathic  Instability  in 
Dynamical  Syitema 

C.D.  Johnson 

Electrical  Engrg.  Dept.,  Univ.  of  Alabama  in  Hunts¬ 
ville,  Huntsville,  AL  35807,  Inti.  J.  Control.  33  (1). 
pp  159-173  (Jan  1981)9  refs 

Kay  Wordi:  Stabilization,  Dynamic  lyitamt 

Unttabla  dynamical  lyitami  pouatting  tha  ipacial  machaniim 
of  instability,  which  islabalad  ‘homaopathic  Instability',  hava 
tha  proparty  that  thay  cannot  ba  stabilizad  unlass  ona 
amploys  a  feadback  controller  which  itself  it  unttabla.  Tha 
fact  that  system  designers  mutt  employ  unstable  controiiart 
to  achieve  stabilization  of  certain  unttabla  tystamt  raitat 
soma  interesting  technical  and  philosophical  quattions  - 
etpacitlly  in  modern  socio-economic  applications  of  control 
theory  where  tha  'controller*  it  often  a  committee  or  tome 
other  form  of  human  operator.  Tha  occurrence  of  homeo¬ 
pathic  instability  it  demonstrated  by  a  family  of  examples 
from  the  clast  of  completely  controllable,  completely  observ¬ 
able  time-invariant  linearized  dynamical  tystamt. 


81.1769 

The  Time  of  Frictionleaa  Motion  of  a  Swinging 
Compound  Pendulum 

A.  Samson 

N.S.W.  Inst.  Tech.,  Sydney,  2007,  Australia,  J. 
Mech,  Des.,  Trans.  ASME,  102.  (4),  PP  818-822  (Oct 
1980)  4  figs.  5  refs 

Key  Words:  Pendulums,  Equations  of  motion 

The  equations  of  motion  of  a  free  swinging  compound 
(physical)  pendulum  were  integrated  to  obtain  a  general 
solution  for  the  elapsed  time  in  tha  form  of  a  trigononrwtric 
integral.  The  latter  was  reduced  to  Jacobian  elliptic  functions 
of  the  first  kind,  which  were  than  solved  by  conventional 
techniques  for  complete  and  incomplete  integrals.  Five 
specific  cases  of  the  time  intervals  of  motion  of  a  compound 
pendulum  were  analyzed  and  solutions  obtainad. 


MODELING  TECHNIQUES 

(See  N-.  1606) 

NONLINEAR  ANALYSIS 

81-1770 

Vihntiona,  Stafaality  and  General  Solutioaa  for  the 
Duffing  and  Other  Non  Linear  Equationa 


S.  Nocilla 

Istituto  di  Meccanica  Razionale,  Politecnico  di 
Torino,  Italy,  (Meccanica,  1^  (3),  pp  131-139  (Sept 
1980)  16  figs,  10  refs 

Key  Words;  Nonlinear  systems.  Single  degree  of  freedom 
systems,  Duffing's  differential  aquation 

A  general  procedure  is  developed  in  order  to  calculate  the 
vibratory  motions  of  non  linear  systems  with  one  degree 
of  freedom.  The  vibration  it  considered  at  an  Infinite  se¬ 
quence  of  increasing  and  decreasing  half-waves,  for  each  of 
which  time  and  daplacamant  are  considered  at  Initial  data, 
with  initial  velocity  zero.  Recurrent  formulae  giving  the 
initial  data  for  each  half-wave  at  a  function  of  those  relative 
to  the  preceading  half-wave  are  calculated.  This  procedure 
is  applied  to  the  Duffing  aquation  and  leads  to  study  of  the 
powers  of  a  matrix,  whose  behavior,  when  the  exponent 
goat  to  Infinity,  determines  the  character  of  stability  or 
instability  or  asymptotic  periodicity  of  the  solution. 


NUMERICAL  METHODS 


81-1771 

Method  for  Computiiig  Time  Response  of  Systems 
Described  by  Transfer  Functions 

K.  Singhal  and  J.  Vlach 

Faculty  of  Engrg.,  Univ.  Waterloo,  Waterloo,  Ontario, 
Canada  N2L  3G1 ,  J.  Franklin  Inst.,  311  (2),  pp  123- 
130(1981)  1  table  4  refs 

Key  Words;  Numerical  analysis.  Time-dependent  parameters, 
Laplace  transformation 

A  simple  numerical  mathod  for  computing  tha  tirrra  domain 
response  of  linear  tima  invariant  systems  deKribed  by  their 
transfer  functions  is  presented.  The  method  does  not  require 
computation  of  transfer  function  poles  or  residues:  It  is  not 
influenced  by  the  multiplicity  of  poles  or  zeroes,  nor  does  it 
require  computation  of  tha  matrix  exponential.  Rather,  it 
Is  based  on  a  numerical  method  for  Inverting  Laplace  trans¬ 
forms.  It  is  aqulvalant  to  very  high  order,  absolutely  stable 
numerical  integration.  Stiff  systems  present  no  problems. 


81-1772 

The  Solution  of  Foreed  Vibration  Problema  by  the 
Finite  Integral  Method 

P.  Swannell 
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Dept.  Civil  Engrg.,  Queensland  Univ.,  Brisbane, 
Australia,  Rept.  No.  RR-CE16,  55  pp  (Aug  1980) 
PB81-136319 

Key  Wordi:  Integrel  equetioni,  Numericel  enelytii.  Forced 
vibretion 

The  finite  integrel  nnethod  ii  a  numerical  method  of  solving 
simultaneous  differential  equations.  This  paper  reviews  the 
technique  and  explores  the  solution  of  some  forced  vibration 
problems. 


PARAMETER  IDENTIFICATION 


81-1773 

Invene  ProUema  in  Structural  DynamicB  •  I.  Theory 

S.S.  Simonian 

J.H.  Wiggins  Co.,  Redondo  Beach,  CA,  Inti.  J.  Numer, 
Methods  Engrg.,  17  (3),  pp  357-365  (Mar  1981) 
37  refs 

Key  Words:  Parameter  identification  technique.  Linear 
systems.  Nonlinear  systems.  Frequency  domain  method. 
Dynamic  programming 

Theoretical  and  methodological  aspects  of  inverae  problems 
of  system  parameter  identification  are  discussed.  For  con¬ 
ceptual  clarity,  at  well  at  generality,  the  joint  state  and 
parameter  identification  problem  for  dynamical  systems, 
described  in  terms  of  a  system  of  first-order  nonlinear  dif¬ 
ferential  equations,  it  addressed.  This  paper  alto  presents 
the  identification  problem  of  linear  sytamt.  For  this  case, 
important  computational  efficiency  it  achieved  by  trans¬ 
forming  the  identification  problem  into  other  domains 
je.g.,  frequency  domain)  and  recursively  operating  the 
dynamic  programming  filter  in  the  new  domains. 


81-1774 

Invene  Problems  in  Structural  Dynamics  -  11.  Appli¬ 
cations 

S.S.  Simonian 

J.H.  Willins  Co„  Redondo  Beach,  CA,  Inti.  J.  Numer. 
Methods  Engrg.,  J7  (3),  pp  367-386  (Mar  1981)  11 
figs,  37  refs 

Kay  Words:  Parameter  identification  technique.  Dynamic 
programming,  Fraquency  domain,  Monte  Carlo  method 


In  this  paper  the  effectiveness  of  tha  novel  dynamic  pro¬ 
gramming  filter  It  damonatratad  for  an  Invarse  problem 
in  wind  engineering,  nemely  the  identification  of  structure 
and  wind  force  parameters. 


81-1775 

Identification  of  Nonlinear  Systems  Using  Parameter 
Estimation  Techniques 

S.A.  Billings  and  I.  Leontaritis 

Sheffield  Univ.,  UK,  Rept.  No.  RR-117,6pp  (Sept 

1980) 

N8 1-1 4779 

Key  Words:  System  identification  techniques.  Parameter 
identification  tachnlque 

Tha  identification  of  nonlinear  systems  using  parameter 
estimation  methods  based  on  input/output  difference  equa¬ 
tion  models  it  considered.  A  general  representation  of  a  wide 
clast  of  nonlinear  ty stems  it  derived  by  considering  an 
observability  condition.  The  Hammuerstein,  Wiener,  bilinear 
and  othar  well  known  models  are  shown  to  be  special  cataa 
of  the  nonlinear  modal.  The  affects  of  internal  noise  are 
investigated  and  the  estimation  of  the  coefficients  using 
linear  estimation  algorithms  la  shown  to  ylald  biaaad  attl- 
matas.  A  modified  extended  least  squares  algorithm  it  pre¬ 
sented  and  structure  detection  methods  and  model  validity 
checks  are  briefly  diacutsed. 


81-1776 

A  Condition  for  Maintaining  Natural  FrequenciM 
of  a  Vibrating  System  Outing  Parameter  Change 
(Eine  Bedingung  aur  Eibaltung  des  Eigenfiequena- 
spektruma  achwingungsflhiger  Syateme  bei  Parim- 
eterinderung) 

K.-D.  Salewski  and  U.  Marzok 
Ernst-Moritz-Arndt-UniversitSt  Greifswald,  Sektion 
Physik/Elektronik,  Maschinenbautechnik,  30  (2), 
pp  88-90  (Feb  1981)  1  fig,  4  refs 
(In  German) 

Kay  Words:  Natural  frequencies.  Mode  shapes.  Vibrating 
structures.  Parametric  resonance 

An  equation  it  derivad  which  enables  the  determination  of 
the  parameters  of  a  vibrating  syttam,  to  that  they  do  not 
affect  the  natural  fraquanciet  of  the  syttam.  The  aquation 
it  bated  on  similarity  transformation  of  matrices. 
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8M777 

System  MendficstioB  is  Earthquake  Ennineenng 

J.T.P.  Yao  and  A.J.  Schiff 

School  of  Civil  Engrg.,  Purdue  Univ„  Lafayette,  IN, 
Rept.  No.  CE-STR-80-7,  NSF/RA-800205,  16  pp 
(May  1980) 

PB8 1-140667 

Key  Wordi:  Syitem  identification  techniqutt,  Earthquike 
reiiitant  itructuret,  Salem  ic  detign 

Application  of  lyitem  identification  techniquai  in  earth¬ 
quake  engineering  retearch  it  daacribad  with  emphatia  on  the 
damage  evaluation  of  exiiting  itructurai.  The  report  con¬ 
siders  use  of  identification  in  the  following  situations  in¬ 
volving  existing  structures;  analysis  of  dynamic  test  date; 
analysis  of  strong-motion  earthquake  response  data:  and 
analysis  of  post-earthquake  data.  Problems  common  to  each 
of  these  applications  are  reviewed.  An  epproach  to  resolve 
the  uncertainty  problem  in  analysis  is  suggested. 


MOBILITY/IMPEDANCE  METHODS 

(See  No.  1729) 


OPTIMIZATION  TECHNIQUES 

(See  No.  1764) 


DESIGN  TECHNIQUES 

(Also  see  No.  1777) 


81-1778 

Design  Sensitivity  in  Dynamical  Systeina 

J.E,  Whitesell 

Michigan  State  Univ.,  Ph.D.  Thesis,  106  pp  (1980) 
UM  8106459 

Key  Words;  Modal  analysis,  Taylor  series.  Design  techniques 

Modal  analysis  it  a  standard  tool  used  in  the  design  of  dynam¬ 
ical  systems.  By  numerically  determining  certain  eigenvalues 
and  eigenvectors  associated  with  e  linear  structural  model, 
its  vibratory  behavior  can  be  investigated.  The  difficulty  with 
this  technique  it  that  it  may  be  costly  in  computer  time  if 
several  redesigns  (and  re-evaluations  of  the  aiganvaiuet  and 
eigenvectors)  are  needed  to  find  a  suitable  design.  The 
thesis  presents  e  technique  to  represent  Niected  eigenvalues 
and  eigenvectors  by  a  Taylor  series  in  a  detign  variable.  Since, 


with  the  technique,  the  Taylor  coefficients  can  be  computed 
efficiently  and  to  arbitrary  order,  the  Taylor  series  can  be 
used  to  accurately  estimate  the  consequences  of  a  detign 
change.  The  technique,  therefore,  hat  the  potential  to  sub¬ 
stantially  reduce  the  number  of  calculations  nKettary  to  re- 
avaluate  the  eigansystam  after  a  design  change. 


COMPUTER  PROGRAMS 

(Also  see  No.  1632) 


81-1779 

Soil-Stnichire  Interaction  Methods:  Summary  Report 

C.A.  Miller 

Brookhaven  National  Lab.,  Upton,  NY,  Rept.  No. 
BNL-NUREG-51263-Vol-l ,  22  pp  (Dec  1980) 
NUREG/CR-1717-V-1 

Key  Words:  Computer  programs.  Interaction:  toll-ttructuret. 
Seismic  analysis 

The  objective  of  the  work  reported  here  was  to  implament 
three  computer  programs  on  the  Brookhaven  National 
Laboratory  (BNL)  CDC  7600  computer  system.  The  thrM 
programs  are  centered  about  the  soil-structure  interaction 
problem  in  seismic  analyses.  In  this  volume  the  capabilities 
of  each  of  the  codes  are  discussed  foliowing  a  general  over¬ 
view  of  the  seismic  analysis  problem  indicating  how  the 
codes  fit  into  the  total  problem. 


GENERAL  TOPICS 


CONFERENCE  PROCEEDINGS 


81-1780 

INTERNOISE  80.  NOISE  CONTROL  IN  THE  80'a. 

Proc.  Inti.  Conf.  Noise  Control  Engrg,,  Miami,  FL, 
Dec  8-10, 1980,2  vols 

Key  Words:  Vibration  control.  Noise  reduction.  Proceedings 

The  250  papers  presented  at  this  Conference  are  grouped 
Into  ten  sections  dealing  with:  long  range  plant  for  the 
Identificstion  and  control  of  environmental  noise:  general 
topics  of  noise  control:  noise  generating  devices  of  all  kinds: 
sound  propagation;  noise  barriers,  silencers  and  matarlals; 
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vibritlon  g«n«ntlon,  trinimiMion,  iiolition  and  raduction; 
building  and  community  nolia  control;  hearing  and  ptycho- 
loglcal  effect!  of  nolle;  initrumentation  lyitemi,  meaiure- 
ment  technique!,  teit  facilitie!,  analytical  method!  and 
modeling;  and  itandanfi  ainciatad  with  Federal,  State,  and 
local  legiilation.  Abitracti  of  individual  paper!  are  lilted  in 
the  appropriate  lectioni  of  thli  inue  of  the  Oigeit. 


8M781 

Vibration  Techniques 

Nederlands  Akoestisch  Genootschap,  Delft,  Publ-51, 
47  pp  (Jan  1980) 

N81-15399 

Key  Words:  Vibration  meaiurement,  Meanirement  tech¬ 
nique! 

Various  approachei  for  the  solution  of  mechanical  vibration 
and  noise  problems  are  reported.  Abstracts  of  individual 
articles  are  listed  in  the  appropriate  sections  of  the  Digest. 


TUTORtALS  AND  REVIEWS 


81-1782 

Response  of  Nonlinear  Mechanical  Systems  to  Ran¬ 
dom  Excitation.  Part  I:  Markov  Methods 

J.B.  Roberts 

School  Engrg.  and  Appl.  Sciences,  Univ.  Sussex, 
Palmer,  Brighton,  Sussex,  UK,  BN1  9QT,  Shock 
Vib.  Dig.,  13  (4),  pp  17-28  (Apr  1981)  107  refs 

Key  Words:  Reviews,  Nonlinear  systems.  Random  excita¬ 
tion 

Part  I  of  two-part  sun^ey  outlines  recent  progress  in  applying 
the  theory  of  Markov  processes,  in  particular  the  Fokkar- 
Planck-Kolmogorov  equation,  to  the  problem  of  predicting 
the  response  of  nonlinear  systems  to  random  axcitation.  A 
variety  of  approximate  methods  of  solution  are  discussed; 
emphasis  is  on  applications. 


81-1783 

Vibration  of  Curved  Bearaa 

§.  Markus  and  T.  Nanasi 


Inst.  Matls.  and  Machine  Mechanics,  Slovak  Academy 
Sciences,  Dubravska  cesta  809  31  Bratislava,  Czecho¬ 
slovakia,  Shock  Vib.  Dig.,  (4),  pp  3-14  (Apr  1981) 
193  refs 

Key  Words:  Reviews,  Beams,  Curved  beams 

Because  they  are  importent  in  many  practical  applicationt, 
free  vibrations  of  curved  beams  in  thair  own  plane  or  out-of¬ 
plane  have  been  the  subject  of  numerous  investigations.  This 
paper  reviews  various  methods  for  analyzing  the  effects  of 
curvature  In  connection  with  other  complicating  phenomena. 
These  phenomena  include  rotatory  inertia,  shear  deforma¬ 
tion,  extension  of  the  central  line,  dislocations  of  the  central 
and  neutral  axes,  distribution  of  the  stress  along  the  cross 
section,  damping,  and  boundary  conditions.  The  Influence 
of  these  phenomena  on  the  mechanics  of  vibration  of  curved 
beams  is  also  considered. 


81-1784 

Noise  and  Noiae  Abatement  in  Fans  and  Blowen:  A 
Review 

W.  Neise 

Deutsche  Forschungs-  und  Versuchsanstalt  fuer 
Luft-  und  Raumfahrt  e.V.,  Goettingen,  F.R.  Ger¬ 
many,  Rept.  No.  DFVLR-FB-80-16 
N81-14796 

(In  German;  English  summary) 

Key  Words:  Reviews,  Fans,  Blowers,  Noise  reduction 

Noise  generation  and  its  raduction  industrial  fans  (venti¬ 
lators)  is  addressed,  A  review  is  given  of  the  fan  typas  com¬ 
monly  in  use  and  their  practical  applications,  the  mechanisms 
of  the  aerodynamic  noise  generation  in  fans,  theoretical  and 
empirical  prediction  methods  for  fan  noisa,  acoustic  siml- 
iarity  laws,  and  noisa  raduction  methods  by  means  of  the  fan 
construction  and  fan  operation.  Maaauramant  procedures 
are  discussed  with  respect  to  the  noise  radiated  from  dif¬ 
ferent  parts  of  a  fan,  e.g.,  from  the  fan  inlet  or  outlet,  from 
the  fan  casing,  from  tha  fan  as  a  whole,  and  to  the  noise 
radiated  into  ducts  connected  to  the  fan.  Finally,  considera¬ 
tions  are  made,  for  which  classes  of  fans  noisa  standards 
can  be  defined  to  characterize  the  noise  emission  of  the 
various  types. 


81-1785 

A  Review  of  the  Reaponae  of  Buried  PipeUaes  uader 
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1-4  Joint  Meeting  of  the  British  Society  for  Strein 
Measurement  and  the  Society  for  Experimental 
Stress  Analysis  [B.S.S.M.  and  SESAl  Edinburgh 
University,  Scotland  tC.  McCatMy,  Adminlitrttion 
Offictr,  B.S.S.M. ,  381  Heaton  Rotd,  Newcastle 
upon  Tyne,  NE6  SOB.  UK) 

7-1 1  Applied  Modelling  and  Simulation  Conference  and 
Exhibition  [I.A.S.T.E.D.  and  A.M.S.E.1  Lyon, 
France  (A.M.S.E.,  16,  Avenue  de  Grende  Blanche, 
69160  Tauln-La-Demf-Lune,  France) 

14-17  International  Off-Highway  Meeting  and  Exposition 
(SAEI  Milwaukee,  Wl  (SAE  Hqs.) 

20-23  Design  Engineering  Technical  Conference  [ASME] 
Hartford  CT  (ASME  Hqs.) 

28-30  Specialists  Meeting  on  "Dynamic  Environmental 
Qualification  Techniques"  [AGARD  Structures 
and  Materials  Panel!  Noordwijkerhout,  The  Neth¬ 
erlands  (Dr.  James  J.  Olsen.  Structures  end  Dynam¬ 
ics  Division,  Air  Force  Wright  Aeronautkei  Lahore- 
tories/FIB,  Wright  Patterson  Air  Force  Base,  OH 
46433) 

28-30  Stapp  Car  Crash  Conference  (SAE)  San  Francisco. 
CA  (SAE  Hqs.) 

30-Oct  2  International  Congress  on  Recent  Developments  in 
Acoustic  Intensity  Measurement  [CETIM]  Seniis, 
France  (Dr.  M.  Bockhoff,  Centre  Technique  des 
Industries  Mecaniques,  Boite  Posteie  67,  F-60304, 
Senlis,  France) 


OCTOBER  1981 


4- 7  International  Lubrication  Conference  [ASME 

ASLEl  New  Orleans.  LA  MSME  Mgs.; 

5- 8  SAE  Aerospace  Congress  and  Exposition  'SAE] 

Anaheim,  CA  (Roy  W.  Mustain,  Rockwell  Space 
Systems  Group,  AB  97,  12214  S.  Lakewood  Bivd,, 
Downey,  CA  9024 1) 

11-15  Fall  Meeting  of  the  Society  for  Experimental 
Stress  Analysis  [SESA]  Keystone,  CO  (SESA. 
P.O.  Box  377,  Saugatuck  Station,  Westport.  CT 
06880) 

19-22  Inti.  Optimum  Structural  Design  Symp.  (U3. 
Office  of  Naval  Research  and  Unlv,  of  Arizona) 


T  ucson,  AZ  (Dr.  Erdai  Atrek,  Dept,  of  Civil  Engr., 
Bldg.  No.  72,  Univ.  of  Ariiona,  Tucson,  AZ 
BS72I) 

21-23  34th  Mechanical  Failures  Prevention  Group  Symp. 

(National  Bureau  of  Standards]  Gaithersburg,  MD 
(J.E.  Stem,  Trident  Engineering  Associates,  1S07 
Amherst  Rd..  Hyatttviiie,  MD  20783  -  (301)  422- 
9606) 

26- 30  ASC3  Annual  Convention  8i  Exposition  [ASCE] 

St.  Louis,  MO  (ASCE  HqsJ 

27- 29  52nd  Shock  and  Vibration  Symposium  [Shock  and 

Vibration  Information  Center,  Washington,  D,C.] 
New  Orleans,  Louisiana  (Henry  C.  Pusey,  Director, 
SVIC,  Naval  Research  Lab.,  Code  6804,  Washing¬ 
ton,  D.C.  20376) 
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CALENDAR  ACRONYM  DEFINITIONS  AND  ADDRESMt  OF  SOCIETY  HEADQUARTERS 


AFIPS: 

AGMA: 

AHS: 

AIAA: 

AlChE: 

AREA: 

AREA: 

ASA; 

ASCE: 

ASME, 

ASNT 

ASQC: 

ASTM; 

CCCAM: 

ICF: 


American  Federation  of  Information 

Processing  Societies 

210  Summit  Ave.,  Montvale,  NJ  07645 

American  Gear  Manufacturers  Association 
1330  Mass  Ave.,  N.W. 

Washington,  D.C. 

American  Helicopter  Society 
1325  18  St.  N.W. 

Washington,  D.C.  20036 

American  Institute  of  Aeronautics  and 
Astronautics,  1290  Sixth  Ave. 

New  York,  NY  10019 

American  Institute  of  Chemical  Engineers 
345  E.  47th  St. 

New  York,  NY  10017 

American  Railway  Engineering  Association 
59  E.  Van  Buren  St. 

Chicago,  IL  60605 

Advanced  Research  Projects  Agency 

Acoustical  Society  of  America 
335  E.45th  St, 

New  York,  NY  10017 

American  Society  of  Civil  Engineers 
345  E.  45th  St. 

New  York, NY  10017 

American  Society  of  Mechanical  Engineers 
345  E.  45th  St. 

New  York,  NY  10017 

American  Society  for  Nondestructive  Testing 
914  Chicago  Ave. 

Evanston,  IL  60202 

American  Society  for  Quality  Control 
161  W,  Wisconsin  Ave. 

Milwaukee,  Wl  53203 

American  Society  for  Testing  and  Materials 
1916  Race  St, 

Philadelphia,  PA  19103 

Chairman,  c/o  Dept.  ME,  Univ.  Toronto, 
Toronto  5,  Ontario,  Canada 

International  Congress  on  Fracture 
Tohoku  Univ. 

Sendai,  Japan 


IEEE; 


lES: 


IFToMM: 


INCE; 


ISA; 


ONR: 


SAE; 


SEE: 


SESA: 


SNAME; 


SPE; 


SVIC: 


URSI-USNC; 


Institute  of  Electrical  and  Electronics 

Engineers 

345  E.  47th  St. 

New  York,  NY  10017 

Institute  of  Environmental  Sciences 
940  E,  Northwest  Highway 
Mt.  Prospect,  I L  60056 

International  Federation  for  Theory  of 
Machines  arrd  Mechanisms 
U.S.  Council  for  TMM 
c/o  Univ.  Mass.,  Dept.  ME 
Amherst,  MA  01002 

Institute  of  Noise  Control  Engineering 
P.O.  Box  3206,  Arlington  Branch 
Poughkeepsie,  NY  12603 

Instrument  Society  of  America 
400  StanwIx  St, 

Pittsburgh,  PA  15222 

Office  of  Naval  Research 
Code  40084,  Dept.  Navy 
Arlington,  VA  22217 

Society  of  Automotive  Engineers 
400  Commonwealth  Drive 
Warrendale,  PA  15096 

Society  of  Environmental  Engineers 
6  Conduit  St, 

London  W1R9TG,  UK 

Society  for  Experimental  Stress  Analysis 
21  Bridge  Sq. 

Westport,  CT  06880 

Society  of  Naval  Architects  and  Marine 

Engineers 

74  Trinity  PI. 

New  York,  NY  10006 

Society  of  Petroleum  Engineers 
6200  N,  Central  Expressway 
Dallas,  TX  76206 

Shock  and  Vibration  Information  Center 
Navel  Research  Lab,,  Code  5804 
Washington,  D,C.  20375 

International  Union  of  Radio  Science  - 
U.S.  National  Committee 
c/o  MIT  Lincoln  Lab. 

Lexington,  MA  02173 
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